University of Montana

ScholarWorks at University of Montana
Graduate Student Theses, Dissertations, &
Professional Papers

Graduate School

2007

Effects of Long-term Strenuous Exercise on Oxidative DNA
Damage and Proteinuria in Humans
Nobuo Yasuda
The University of Montana

Follow this and additional works at: https://scholarworks.umt.edu/etd

Let us know how access to this document benefits you.
Recommended Citation
Yasuda, Nobuo, "Effects of Long-term Strenuous Exercise on Oxidative DNA Damage and Proteinuria in
Humans" (2007). Graduate Student Theses, Dissertations, & Professional Papers. 362.
https://scholarworks.umt.edu/etd/362

This Dissertation is brought to you for free and open access by the Graduate School at ScholarWorks at University of
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an
authorized administrator of ScholarWorks at University of Montana. For more information, please contact
scholarworks@mso.umt.edu.

EFFECTS OF LONG-TERM STRENUOUS EXERCISE ON OXIDATIVE DNA
DAMAGE AND PROTEINURIA IN HUMANS
By
Nobuo Yasuda
B.A., Chukyo University, Japan, 1994
M.Ed., Kanazawa University, Japan, 1997
M.Sc., The University of Montana, Missoula, 2001
M.Sc., McMaster University, Canada, 2005
Dissertation
Presented in partial fulfillment of the requirements
for the degree of Doctor of Philosophy
The University of Montana
Summer 2007

Approved by:
Dr. David A. Strobel, Dean
Graduate School
Dr. Brent C. Ruby
Department of Health and Human Performance
Dr. Blakely Brown
Department of Health and Human Performance
Dr. Elizabeth Putnam
Department of Biological and Pharmaceutical Sciences
Dr. Fernando Cardozo-Pelaez
Department of Biological and Pharmaceutical Sciences
Dr. Kent Sugden
Department of Chemistry

i

Yasuda, Nobuo, PhD., June 2007

Individualized Interdisciplinary

Effects of Long-term Strenuous Exercise on Oxidative DNA Damage and Proteinuria in
Humans (pp. 206)

Chairperson: Brent C. Ruby

ABSTRACT
The purpose of this study consisting of three projects was to determine the effects of
long-term strenuous exercise on oxidative DNA damage and proteinuria in trained
individuals. In the first project, four successive triathlons accompanied by long-term
training in a triathlete was chosen as the experimental design and procedure. In the
⋅ O peak and a 40 km time
second project, repeated 5-h bouts of cycling exercise at 52 %V
2

trial with carbohydrate and potential antioxidant supplementation (fenugreek seed
extract) were carried out with trained individuals. In the third project, a wildland
firefighting three-day work shift was conducted with active duty military personnel.
Assessment of oxidative DNA damage was based on urinary and muscle 8-hydroxy-2’deoxyguanosine. Post-exercise proteinuria was determined with several biomarkers
including urinary total protein, albumin, β2-microglobulin, N-acetyl-β-Dglucosaminidase, and creatinine. The overall results showed that there were significant
whole-body DNA oxidation and post-exercise proteinuria after the half- and full-Ironman
triathlon races, but these levels gradually returned to baseline. In contrast, no significant
alterations were observed in either oxidative DNA damage at the muscle and tissue level
⋅O
or proteinuria after the 5 h of cycling exercise at 52 %V
2peak and the 40 km time trial.
Arduous work during wildland fire suppression induced proteinuria, which tended to be
accumulated as the work shift progressed.
These findings indicate that moderate exercise may not reach the threshold to cause
oxidative DNA damage and proteinuria, whereas long-lasting strenuous exercise appears
to induce oxidative DNA modification and exceed normal range of urinary protein
excretion.
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Chapter I. Introduction
1.1 Introduction
Previous studies have shown an increase in markers of the reaction of reactive
oxygen (ROS) and nitrogen species (RNS) with lipid, protein, or DNA in tissues (e.g.
muscle or blood) and urine in animals and humans during and after exercise (Pattwell and
Jackson, 2004; Pattwell et al., 2004). This increase in ROS and RNS activity appears to
be attributed to contracting skeletal muscle (Pattwell and Jackson, 2004). Mitochondria
have been regarded as the major intracellular site for elevated generation of ROS and
RNS during exercise (Davies et al., 1982; Pattwell et al., 2004).
The discovery of the oxidative modification to DNA was derived from an
investigation of the effects of heating food on DNA modifications (Kasai and Nishimura,
1984). Since then, more than 100 different oxidative modifications to DNA have been
demonstrated (Cadet et al., 1994; Dizdaroglu, 1994). According to Poulsen et al. (1999),
the dominant oxidative modification present is the 8-hydroxylation of guanine and 8hydroxy-2’-deoxyguanosine (8-OHdG).
Acute or chronic moderate exercise appears not to induce oxidative DNA damage.
However, after long-duration intense exercise there can be an increase in oxidative DNA
modification (Radak et al., 2000). Furthermore, training can prevent against exerciseinduced DNA damage, up-regulating DNA repair enzymes such as human 8-oxoguanine
DNA glycosylase (hOGG1) and oxidized purine-nucleoside triphosphatase (hMTH1),
compared with a sedentary condition (Sato et al., 2003; Radak, 2003).
Although how trained individuals ameliorate the handling of ROS and RNS is
unclear (Poulsen et al., 1999), the preventive control of oxidative stress can be achieved
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by dietary-dependent antioxidant substances. In this regard, exercise-induced DNA
damage appears to depend on antioxidant intake and the type, intensity, and duration of
exercise. This dissertation demonstrates results of two projects in which the effects of
long-term strenuous exercise on oxidative DNA damage were investigated.
Intense exercise induces profound changes in renal hemodynamics and protein
excretion (Poortmans, 1994). Post-exercise proteinuria is a common phenomenon in
humans, as exercise-induced proteinuria tends to return to baseline levels within 24 to 48
hours after exercise (Neviackas and Bauer, 1981; Rowe and Soothill, 1961). According
to Poortmans (1985), post-exercise proteinuria is directly related to the intensity of
exercise, rather than to its duration. Proteinuria is referred to as excretion of more than
150 mg of protein in a 24-hour period in adults (Cianflocco, 1992). Protein excretion is
controlled by glomerular permeability, tubular reabsorption, and the disposal of the
absorbed proteins in the kidney (Poortmans, 1985). Previous observations indicate a
limitation of renal tubules to reabsorb low molecular weight proteins and that maximal
tubular reabsorption may be reached during severe exercise (Poortmans, 1985).
Increased glomerular permeability and impaired tubular reabsorption of plasma proteins
appear to be the mechanisms involved in post-exercise proteinuria (Cianflocco, 1992;
Poortmans, 1985). In three research projects, post-exercise poteinuria and its cumulative
effects were the primary focus of the projects.

1.2 Statement of Problems
Numerous studies have demonstrated that exercise induces DNA damage as
determined in the blood and urinary levels of 8-OHdG in humans. However, to date
there have been no reports examining the effect of endurance exercise on oxidative DNA
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damage accounting for 8-OHdG at the muscle tissue level or at a combination of muscle
and urinary levels in humans. Furthermore, what level of exercise intensity and duration
to reach oxidative DNA damage still remains unclear. Moreover, whether cumulative
effects of oxidative DNA damage exist following a long-lasting intense exercise
associated with training remains to be elucidated.
Concerning exercise-induced proteinuria, many studies have shown the effects of
short-term and long-term exercise on urinary protein excretion. In healthy individuals,
proteinuria appears to return to normal within 24-48 hours following exercise. However,
studies showing whether repeated exercise and training accumulate chronic renal function
have been inconclusive.
Taken together, collecting data with respect to exercise-induced DNA damage
and proteinuria will help to establish optimal exercise and training strategies for
individuals who are involved in long-lasting strenuous work.

1.3 Research Questions
i) How much exercise (e.g., duration, frequency, and intensity) will induce a
measurable amount of DNA damage and repair?
ii) What type of exercise will cause more DNA damage and repair?
iii) Are there any differences regarding oxidative DNA damage at the muscle and urinary
levels?
iv) Do acutely ingested antioxidants suppress exercise-induced DNA damage?
v) Do repeated exercise and training lead to accumulation of proteinuria?
vi) If cumulative effects of proteinuria are observed, do they induce the damage for
glomerular and tubular parts in the kidney?
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vii) Are individuals who are engaged in wildland firefighting at risk to develop serious
chronic renal damage?

1.4 Rationale of the Study
There is limited information on the effects of repeated exercise and training on
exercise-induced DNA damage and proteinuria. By assessing trained athletes (e.g.,
triathletes and cyclists) and occupational physical workers (e.g. soldiers and wildland
firefighters) using an interdisciplinary approach, recommendations or guidelines can be
established, which would maximize the exercise or work performance and protect against
exercise-induced tissue damage.

1.5 Limitations
In each of the three projects, research in the field will be utilized and there will be
certain inherent limitations (e.g., unstable ambient temperature and relative humidity) not
present in a controlled laboratory setting. Due to the complex or extreme conditions, all
recruited subjects may not complete the experimental protocols regardless of field or
laboratory settings. Other limitations will be individuals’ fitness level.

1.6 Delimitations
To reduce the variability and examine the effects of repeated exercise and training
on all dependent variables, subjects who are trained athletes or individuals associated
with strenuous physical labor work will be recruited. The information obtained from this
study will apply to athletes or occupational workers who are engaged in prolonged
physical activity.
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1.7 Definition of Terms
β2-microglobulin: a low molecular weight protein, which is freely filtered at the
glomerulus and reabsorbed by the renal proximal tubule.

8-hydroxy-2’-deoxyguanosine (8-OHdG): a marker of oxidative DNA damage, which
is commonly used in human studies related to exercise.

Enzyme-Linked Immunosorbent Assay (ELISA): a biochemical technique used to
detect the presence of an antibody or an antigen in a sample.

High Performance Liquid Chromatography (HPLC): HPLC is used to separate
components of a mixture by using a variety of chemical interactions between the
substance being analyzed (analyte) and the chromatography column.

Lactate Threshold (Tlact): the exercise intensity at which lactate starts to accumulate in
the blood stream.
⋅ O max): the highest volume of oxygen a person can
Maximal oxygen consumption (V
2
consume during exercise. It is often used as a predictor of potential in endurance sports.
⋅ O peak): Interchangeably used as V
⋅ O max. V
⋅ O max is usually
Peak oxygen uptake (V
2
2
2
⋅ O peak on cycling.
based on treadmill running and V
2

Single cell gel electrophoresis: also known Comet assay, is a microgel electrophoresis
technique which detects DNA damage (strand breaks) and repair in individual cells.
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Total protein: a marker of a combination of glomerular permeability, tubular leakage,
tubular secretion, and normal urinary protein excretion by the kidneys.

Albumin: a high molecular weight protein, which is referred to as a reflection of
glomerular permeability.

Urinary N-acetyl-β-D-glucosaminidase (NAG): a lysosomal enzyme, which is
produced in proximal tubular cells.

Human 8-oxoguanine DNA glycosylase 1 (hOGG1): a repairing enzyme of 8oxoguanine.

Human MutT homologue protein 1 (hMTH1): a representative of the class of 8-OHdG
repair enzymes.

Ventilatory threshold (Tvent): the point at which there is a non-linear increase in
ventilatory rate in relation to oxygen consumption.

Urine specific gravity: the ratio of the density of a material to the density of water.
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Chapter II. Review of Literature
2.1 DNA Damage and Repair
2.1.1 Free Radicals and Oxidative Stress
Oxidative stress is involved in the generation of reactive oxygen [ROS: e.g.,
superoxide (O2⋅ - ), hydroxyl (OH•), alkoxyl (RO•), peroxyl (ROO•) and hydroperoxyl
(ROOH•); Cooper et al. 2002] and nitrogen species [RNS: e.g., nitric oxide (NO•),
nitrogen dioxide (NO⋅2), and peroxynitrite (ONOO-); Stamler, 1992] through the
mitochondrial electron transport chain (Davies et al., 1982; Lovlin et al., 1987). Figure 1
represents the pathways of ROS production and clearance (Droge, 2002), including the
activation of xanthine oxidase, hypoxanthine and xanthine, which are substrates of
xanthine oxidase. The increase in these substrates is associated with an increase in
oxidative stress (Sumida et al., 1997). Antioxidant protection includes conversion of O⋅2by superoxide dismutase (SOD) to H2O2, which in turn can lead to the detoxification of
water (H2O) by catalase or glutathione peroxidase (Droge, 2002; Nedeljkovic et al.,
2003). Glutathione plays an important role as a principle intracellular buffer, acting as a
critical cofactor for the enzymatic action of glutathione peroxidase. Glutathione exists in
two forms: a reduced monomeric form with a free thiol group (GSH) and an oxidized
disulfide state (GSSG)(Nedeljkovic and Gokce, 2005). Glutathione needs to exist
predominantly in the reduced form (GSH) in order for glutathione to play a pivotal role
as an effective antioxidant scavenger and protect cells from oxidative stress (Droge,
2002; Nedeljkovic et al., 2003). The ratio of GSH/GSSG is considered to be a useful
indicator of the oxidative stress imposed on a cellular system, with a lower ratio
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indicating an unfavorable oxidative milieu (Droge, 2002; Nedeljkovic et al., 2003). The
enzyme glutathione reductase associated with NADPH (reduced nicotinamide adenine
dinucleotide phosphate), converts GSSG to GSH, maintaining glutathione in its reduced
(protective) state (Nedeljkovic and Gokce, 2005). An overwhelming generation of ROS
may impair this cellular antioxidant mechanism and potentially result in loss of
intracellular homeostasis.
Previous studies have demonstrated oxidative stress upon tissue inflammation
(Moller et al., 2001), exposure to hyperbaric oxygen (Dennog et al., 1999), nonweightbearing exercise (Brady et al., 1979), and weight-bearing exercise (Alessio and Goldfarb,
1988). In terms of exercise, there is evidence that long-term exercise and training
reduces oxidative stress by increasing antioxidant defense mechanisms, which include
antioxidant enzymes such as superoxide dismutase, glutathione peroxidase, glutathione
reductase, and catalase (Sato et al., 2003; Sen, 1995; Wang and Huang, 2005).

2.1.2 Oxidative DNA Damage and Repair
Previous studies have shown an increase in markers of the reaction of ROS and
RNS with lipid, protein, or DNA in tissues or urine of animals and humans during and
after exercise (Patwell and Jackson, 2004; Peoples and Karnes, 2005, Figure 1-B). The
magnitude of the oxidative DNA damage appears to rely on the balance of ROS/RNS
generation and the capacity of antioxidant systems (Sato et al., 2003). Oxidized purines
can be detected by formamidopyrimidine DNA glycosylase (FPG) and oxidized
pyrimidines by endonuclease III (ENDO III)(Tsai et al., 2001). The 8-hydroxy-2’deoxyguanosine (8-OHdG) has been recognized to be a biomarker of oxidatively
damaged DNA by ROS and RNS generated at the tissue and urinary levels (Kasai and
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Nishimura, 1984; Loft et al., 1992). The excretion of 8-OHdG in urine reflects the
integrated rate of oxidative DNA damage and the repair of DNA at the whole body level
(Loft et al., 1992). According to Loft et al. (1994), an increase in oxygen consumption
leads to increased DNA damage accounted for urinary excretion of 8-OHdG, given the
formation of oxygen radicals from mitochondrial electron transport chain. In terms of
DNA repair, there are DNA repairing enzymes such human 8-oxoguanine DNA
glycosylase1 (hOGG1) and oxidized purine-nucleoside triphosphatase (hMTH1) which
are increased after endurance exercise in order to protect against oxidative DNA damage
(Radak et al., 2003; Sato et al., 2003). Furthemore, four main repair systems have been
found to maintain the integrity of the human genome: prevention of incorporation
(human MutT homologue, hMTH1), mismatch repair (human MutY homologue, hMYH),
base excision repair (human homologue of the 8-oxoguanine-glycosylase enzyme,
hOGG1 and hOGG2), and nucleotide excision repair (Cooke et al., 2000, Figure 2-B).
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Figure 1. (A) Pathways of reactive oxygen species (ROS) production and clearance.
GSH=glutathione; GSSG=glutathione disulfide; NADPH=reduced nicotinamide adenine
dinucleotide phosphate. Cited from Droge (2001). (B) Pathway of commonly measured
biomarkers of oxidative stress. 8-OHGua=8-hydroxyguanine, 8-OHdG=8-hydroxy-2’deoxyguanosine. Modified from Peoples and Karnes (2005).
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A

Urinary 8-HYDROXY-2'-DEOXYGUANOSINE

B

8-oxodG

hOgg2

hMTH1
8-oxodGTP

8-oxodGTP
Removal of 8-oxoG

Nucleotide
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Oxygen free radical attack

hOgg1
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Ner proteins

Removal of 8-oxoGcontaining oligomer

Figure 2. (A) Scheme diagram describing the possible sources of diet, cell death/cell
turnover, and DNA repair to urinary levels of deoxynucleoside and base lesions.
Modified from Cooke et al. (2002). (B) Representation of the four most established repair
systems which maintain the integrity of human genome, with respect to 8-oxodG: base
excision repair (human homologue of the 8-oxoguanine-glycosylase enzyme: hOgg1 and
hOgg2), nucleotide excision repair, mismatch repair (human MutY homologue: hMYH)
and prevention of incorporation (human MutT homologue: hMTH1). DS and PS refer to
daughter and parent strands of DNA respectively. G* indicates 8-oxodG =8-hydroxy-2’deoxyguanoine. Adopted from Cooke et al. (2000).
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2.1.3 Methodological Considerations
The possible products for oxidative DNA modification that have so far been
identified in urine are 8-OHdG, 8-hydroxyguanine, thymine glycol, thymidine glycol, and
5-hydroxymethyluracil (Loft and Poulsen, 1998). Although 8-OHdG is one of the most
easily formed oxidative DNA lesions, it has been detected at the tissue and urine level
(Loft and Poulsen, 1999). Table 1 represents the methods for determining oxidative
DNA modification. Enzyme-linked immunosorbent assay, gas chromatography-mass
spectrometry (GC-MS), tandem mass spectrometry, high-performance liquid
chromatography with electrochemical detection (HPLC-EC), and thin-layer
chromatography with 32P post-labeling have been widely used to measure endogenous
levels of 8-OHdG (Loft and Poulsen, 2000; Pilger et al., 2001). With regard to the effects
of exercise on oxidative DNA damage, various HPLC-based methods have been used for
the determination of 8-OHdG in tissue and urine (Loft et al., 1992; Tagesson et al., 1992;
Tagesson et al., 1995; Germadnik et al., 1997; Bogdanov et al., 1999). Particularly in
urine, these methods require extensive sample clean-up procedures in order to eliminate
analytical interference from the complex urine matrix. In spite of the analytical
difficulties accompanied with the clean-up procedure (e.g., solid phase extraction) of
urinary 8-OHdG, this approach may provide some advantages (Pilger et al., 2001). For
instance, these assays are non-invasive and the problem regarding artifical formation of
8-OHdG during the sample preparation or the derivatization reaction is absent (Pilger et
al., 2001). Furthermore, 8-OHdG in urine is stable for a long period of time at -20°C
(Poulsen et al., 1998). Moreover, the urinary 8-OHdG excretion is regarded as the
reflection of the “whole body” oxidative DNA damage (Poulsen and Loft, 1998) or its
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repair from all cells in vivo. However, a high biological variability of urinary 8-OHdG
can be a limiting factor for the determination of oxidative stress (Pilger et al., 2001).
In addition to HPLC methods, ELISA is most commonly used to determine
exercise-induced DNA damage as it is easier to examine urinary 8-OHdG excretion
compared to HPLC analysis. The different values obtained by ELISA and HPLC
measurements have been reported. For instance, the ELISA method gives values at least
twofold higher than HPLC (Shimoi et al., 2002; Yoshida et al., 2002), although
improvements of ELISA kits have produced higher correlation coefficients with HPLC
on spot or 24 h urine samples (Yoshida et al., 2002). According to Moller and Loft
(2002), ELISA-based methods may measure lesions other than 8-OHdG or artifacts. This
may partly be due to the detection of lesions in oligonucleotides, which is contradicted by
the fact that a study of human urine shows very little excretion of oligonucleotides that
did not contain 8-OHdG (Weimann et al., 2004).
A large variation has been observed between the different assays in the measured
concentrations of 8-OHdG, partly due to artificially generated 8-OHdG in the assays
(ESCODD, 2000). In this regard, GC-MS–based methods produce high values, and the
use of the technique is rarely used in previous studies regarding exercise and training.
However, a joint effort of laboratories, mainly in Europe, narrowed down the range of
measured values of 8-OHdG obtained by these various methods (ESCODD, 2000).
Standardization of laboratory procedures with the detection of other types of oxidative
DNA damage and agreement on basal values remains inconclusive (Moller and Loft,
2002).
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Table 1. Methods for measuring oxidative DNA modification
Method
Measurement
Biological matrix
HPLC-EC and (UV)
8-OHdG, dG
Urine, DNA

HPLC-UV

dTg, Tg

Urine

GC-MS

>100 modifications

32

8-OHdG

DNA
DNA

Alkaline elusion
Comet assay

8-OHdG
8-OHdG
Oxidized purines
Oxidized pyrimidines
8-OHdG

P post-labelled-HPLC

Reference
Shigenaga et al(1989)
Loft et al.(1992)
Loft & Poulsen(1999)
Adelman et al. (1988)
Ames et al. (1993)
Schuler et al. (1997)
Moller et al. (1993)
Pflaum et al. (1997)
Adelman et al. (1988)

DNA
DNA
DNA
DNA
Prieme et al. (1996)
Immunological
Plasma
DNA
Urine
Modified from Poulsen et al. (1999). EC=electrochemical detection; MS=mass
spectrometry; 8-OHdG=8-hydroxy-2’-deoxyguanosine; dG=deoxyguanosine;
dTg=deoxythymidine glycol; Tg=thymidine glycol

14

2.1.4 Interpretation of urinary and tissue levels of DNA damage
When oxidatively damaged DNA is assessed, tissue levels provide information
about the concentration of modified bases (Moller and Loft, 2002; Poulsen et al., 1999).
According to Poulsen et al. (1999), an increased oxidative DNA damage in a tissue or a
population of cells may in part be due to an increase in formation by induced oxidative
stress or derived from a change in repair of oxidative modifications. On the other hand,
urinary excretion of oxidatively-modified bases or nucleosides results from repair of
these lesions in DNA, excretion into the plasma, and elimination into urine (Pilger et al.,
2001; Poulsen et al., 1999).
Another difference between the two measurements is that tissue or cell
measurements give information for a particular organ (the target organ of interest). In
contrast, urinary measurement is an average measure of the response of the organism
investigated, and large changes in a small organ could be overlooked (Pilger et al., 2001;
Poulsen et al., 1999). When designing an experimental procedure, it is important to set
up the experimental conditions and hypotheses in order to choose the optimum type of
measurement (Moller and Loft, 2002; Poulsen et al., 1999).

2.2 Effects of Exercise on Oxidative DNA Damage
2.2.1 Acute Exercise
Exercise is associated with the increased ROS and RNS generation that occurs
during contractile activity and the elevated oxygen consumption via increased
mitochondrial activity (Davies et al., 1982; Jackson et al., 1985). The precise relationship
between type, intensity, and duration of exercise and the extent of oxidative DNA
damage derived from ROS and RNS generation is currently unclear (Patwell et al., 2004;
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Reznick et al., 1998). The focus of this section is to identify the effects of acute exercise
on oxidative DNA damage. Most human studies investigating the effects of exercise
have identified oxidatively damaged DNA or consequences of the damage in urine and
blood samples. The summary of previous studies with regard to DNA damage induced
by exercise in humans and animals is shown in Table 2 and 3, respectively.
Sumida et al. (1997) examined the effect of single bouts of exercise (exhaustive
treadmill running, exhaustive cycling, and 20 km of running) on urinary excretion of 8OHdG. The authors observed no significant changes and also reported that exhaustive
running did not induce increases in urinary excretion of 8-OHdG in untrained individuals.
Furthermore, there was a trend for supplementation of beta-carotene to decrease the
steady-state level of oxidative DNA damage. Niess et al. (1996) observed oxidative
DNA damage in white blood cells after a single bout of exhaustive treadmill running. In
the study, there was a lower extent of DNA migration in trained compared with untrained
subjects, indicating that adaptation to endurance training may reduce oxidative DNA
damage (Niess et al., 1995). Hartmann et al. (1998) examined the effects of a shortdistance triathlon on oxidative DNA damage. In the study, urinary 8-OHdG excretion
was similar in trained subjects, whereas exercise-induced DNA damage was observed in
leukocytes (Hartmann et al., 1998). Pilger et al. (1997) determined the urinary 8-OHdG
content of sedentary and endurance trained subjects and demonstrated no differences. It
has been shown that exhaustive treadmill running induces single strand DNA damage and
lymphocyte apoptosis (Mars et al., 1998).
A single bout of exercise caused no significant modification of the 8-OHdG
content in 13 different tissue samples taken from dogs (Okamura et al., 1997b) except for
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the colon, which was the only tissue where significant DNA damage occurred. To date,
there has been only a single report examining muscle 8-OHdG content after eccentric
exercise in humans (Radak et al., 1999a). The authors observed the increased level of 8OHdG content in the quadriceps femoris in eccentrically exercised groups (Radak et al.,
1999a). In the study, the increase in the 8-OHdG level 24 hours after exercise may be in
part due to the elevated formation of ROS and RNS by unaccustomed exercise, which
leads to activation of macrophages and/or neutrophils. In this regard, it has been
suggested that short-term inflammation in skeletal muscles is a part of the adaptive
mechanism to remove the damaged DNA and enhance the repair process.
A study by Asami et al. (1998a) has shown significantly lower leukocyte 8-OHdG
levels in trained athletes compared with untrained subjects. After exercise, leukocyte 8OHdG levels in trained athletes was unchanged in the study. This may be due to the
insufficient work load at a given intensity and duration to reach the threshold to form
ROS and RNS. These findings indicate that a single bout of exercise does not always
result in oxidative damage to DNA in spite of the limited adaptive response.
Taken together, whether a single bout of exercise induces oxidative damage to
DNA or not remains elusive due to the inconsistencies between exercise protocols and
different adaptive responses. However, these observations indicate that a single bout of
exercise might in part lead to increased activity of endogenous production of antioxidant
enzymes, but the generation of ROS and RNS may not completely be compensated for,
which leads to oxidative DNA lesions (Ji, 1994; Poulsen et al., 1996). According to
Radak et al. (2001b), this damage may be necessary in order to cause adaptation to
regular exercise (Radak et al., 2001b).
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Table 2. Summary of previous studies with regard to oxidative DNA damage induced by exercise in humans.
References
Inoue et al. (1993)

Participants

Type of Exercise

Sample and biomarker

Technique

Findings

9 swimmers

1500 m for 90 min

Lymphocytes 8-OHdG

HPLC

Decreased in
swimmers, but no
change in runners

9 distance runners

15 km distance running

Urine (spot) 8-OHdG

HPLC

No change

Urine (24h)

HPLC

No change

for 70 min
Viguie et al. (1993)

Sen et al. (1994)

11 moderately trained

Leg cycling at 65% peak

males

O2 uptake for 90 min

9 males

Two submaximal exercise

8-OHdG

Leukocytes

at aerobic and anaerobic

Fluoronetric

Increased, and

analysis of

treatment effects

DNA unwinding

observed

White blood cells

Comet assay

Increased

White blood cells

Comet assay

DNA stand break

thresholds 30 min
Nutritional Intervention (2 days)
N-acetylcysteine
supplementation
Hartmann et al. (1994)

2 males and 1 female

Treadmill running until
exhaustion

Hartmann et al. (1995)

8 males

Treadmill running until

Increased, but

exhaution

vitamin E attenuated

Nutritional Intervention (2-22h, 2 wk)

DNA damage

vitamin E
Nielsen et al. (1995)

10 males (competitive

6 min' all-out' ergometer rowing

Urine (24 h) 8-OHdG

HPLC

No change

6 trained and

Incremental tredmill test

White blood cells

Comet assay

Increased

5 untrained males

until exhaution

male oars men)
Niess et al. (1996)

8-OHdG = 8-hydroxy-2'-deoxyguanosine; HPLC = High performance liquid chromatography; Comet assay = Single cell gel electrophoresis assay;
ELISA = Enzyme-linked immunosorbent assay
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Table 2 (continued). Summary of previous studies with regard to oxidative DNA damage induced by exercise in humans.
References

Participants

Poulsen et al. (1996)

23 males

Type of Exercise

Sample

30 days programme of

Urine (spot) 8-OHdG

Technique

Findings
Increased

physical training with
the Army
Okamura et al. (1997)

Pilger et al. (1997)

10 males

8-day training camp

32 long -distance

During habitual long-

runner (27 males and

distance running

Urine (24 h) 8-OHdG

HPLC

Increased

Lymphocytes 8-OHdG

HPLC

No change

Urine (24 h) 8-OHdG

HPLC

No change

Urine (24 h) 8-OHdG

HPLC

5 females)
Sumida et al. (1997a)

14 males

Incremental exercise to

No change, and

exhaustion on a bicycle ergometer

no treatment effects

Nutritional Intervention (1 month)

observed

§-carotene supplement
Sumida et al. (1997b)

Asami et al. (1998)

11 male runners

Treadmill

6 untrained individuals

Cycle

11 male runners

20 km run

23 healthy males

Maximal cycling exercise

Urine (24 h) 8-OHdG

HPLC

No change

Leukocytes 8-OHdG

HPLC

No change in

10=trained

trained subjects, but

13=untrained

increased in
untrained individuals

Hartmann et al. (1998)

6 athletes

Short-distance Triathlon

Urine (24 h) 8-OHdG

HPLC

No change

(3 males and 3 females)

(1.5 km swimming, 40 km

Lymphocytes

Comet assay

No change 48 or

cycling, 10 km running)
Niess et al. (1998)

12 males runners

96 h after exercise

Half-marathon

Leukocytes

Comet assay

Increased

8-OHdG = 8-hydroxy-2'-deoxyguanosine; HPLC = High performance liquid chromatography; Comet assay = Single cell gel electrophoresis assay;
ELISA = Enzyme-linked immunosorbent assay
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Table 2 (continued). Summary of previous studies with regard to oxidative DNA damage induced by exercise in humans.
References
Umegaki et al. (1998)

Participants

Type of Exercise

Sample

8 untrained

Treadmill running at 85%

Lymphocytes

8 endurance-trained

VO2 max for 30 min

Chromosomal damage

Technique
Micronucleus

No change in

assay

untrained or trained

university students
Chao et al. (1999)

Findings

subjects

75 males

Strenuous winter field

(U.S. Marine Corps)

training (14 days) around 3000 m

Urine (spot) 8-OHdG

ELISA

Increased,but
no treatment effects

Nutritional Intervention (28 days)
Vitamin C, E, §-carotene, etc
Pfeiffer et al. (1999)

30 US Marine Corp
Volunteers

14 days of mountain training

Urine (24 h) 8-OHdG

ELISA

Nutritional Intervention (2 weeks)

Increased, but
no treatment effects

Vitamin C, E, §-carotene, etc
Radak et al. (1999)

12 females

Radak et al. (2000)

Rall et al. (2000)

Isokinetic eccentric exercise

Muscle 8-OHdG

ELISA

Increased

5 males (supra-marathon

4-day running race

Urine (12 - 18 h) 8-OHdG

ELISA

Increased

runners)

(93 km, 120 km, 56 km, 59 km)
Urine (24 h) 8-OHdG

ELISA

8 healthty elderly

Resistance Training

(65-80 yr)

(12 weeks)

No change in
either RA or elderly

8 healthty young

subjects

(22-30 yr)
8 adults (25-65 yr) with
rheumatoid arthritis (RA)
Stein and Leskiw (2000)

2 astronauts

Speceflight (4-9 mo) and

Urine (24 h) 8-OHdG

ELISA

4 cosmonauts

No change with
spaceflight, and
increased postflight

Moller et al. (2001)

12 healthy subjects
(7 males and 5 females)

Maximal cycling exercise

Urine (24 h) 8-OHdG

HPLC

Increased

(VO2 max Test) at 4559 m

Leukocytes

Comet assay

Increased

8-OHdG = 8-hydroxy-2'-deoxyguanosine; HPLC = High performance liquid chromatography; Comet assay = Single cell gel electrophoresis assay;
ELISA = Enzyme-linked immunosorbent assay
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Table 2 (continued). Summary of previous studies with regard to oxidative DNA damage induced by exercise in humans.
References
Tsai et al. (2001)

Almar et al. (2002)

Participants

Type of Exercise

14 male runners

42 km marathon race

8 male cyclists

Sample

Cycling race

Technique

Findings

Urine (8 h) 8-OHdG

ELISA

Increased

Leukocytes

Comet assay

Increased

Urine (16 h) 8-OHdG

HPLC

(4-day and 3-week stages)

Increased, but not
changed relative to
creatinine

Fehrenbach et al. (2003)

12 non-heat acclimated

Continuous treadmill running

endurance athletes

(60 min) at 18 C and 28 C

Leukocytes

Comet assay

Less damaged at
28 C compared 18 C

(75% VO2 max)
Palazzetti et al. (2003)

9 well-trained male

Before and after a 4-week

triathletes

overloaded training, triathletes

Leukocytes

Comet assay

No change

Leukocytes 8-OHdG

HPLC

No change

Leukocytes 8-OHdG

HPLC

No change in

exercised for a duathlon
Sacheck et al. (2003)

Sato et al. (2003)

16 physically active

Eccentric exercise

young males

(Downhill run on a treadmill

16 older healthy males

for 45 min at 75% VO2 max)

15 subjects

50% VO2 max of cycle ergometer
exercise for 30 min

7 = Physical active

physically active

8 = Sedentary

subjects, but
decreased in
sedentary subjects

Mastaloudis et al. (2004)

11 males and

50 km ultramarathon

11 females

Nutritional Intervention (6 weeks)

Leukocytes

Vitamin C and E

Comet assay

Increased at mid-race,
but no differences in
either sexes or
treatment groups

8-OHdG = 8-hydroxy-2'-deoxyguanosine; HPLC = High performance liquid chromatography; Comet assay = Single cell gel electrophoresis assay;
ELISA = Enzyme-linked immunosorbent assay
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Table 2 (continued). Summary of previous studies with regard to oxidative DNA damage induced by exercise in humans.
References
Orhan et al. (2004)

Participants
18 males

Type of Exercise

Sample

Technique

Findings

60 min at 70% of maximal

Urine (12 h) 8-OHdG

ELISA

Increased

Urine (24 h) 8-OHdG

HPLC

O2 uptake (cycle)
Subudhi et al. (2004)

18 males

Prolonged submaximal

Increased compared
to sea level, but no

(55% VO2 peak) oxidative stress
index test (about 2 h) at 4300 m

treatment effects

Nutritional Intervention (3 weeks)
Vitamin E, §-carotene, etc
Wilber et al. (2004)

19 trained male cyclists

High intensity interval workout

Urine (spot) 8-OHdG

ELISA

No change

Serum 8-OHdG

ELISA

No change

Lymphocytes

Comet assay

No change

Treadmill test to volitional

Peripheral blood mono

Comet assay

exhaution

nuclear cells

(6 x 100 kJ)
Bloomer et al. (2005)

10 males

30 min of continuous cycling
at 70% of VO2 max and
intermittent dumbbell
squatting at 70% of IRM

Briviba et al. (2005)

Total 22 subjects

Half-marathon

5 males and 5 females

Marathon

2 males and 10 females
Davison et al. (2005)

14 healthy males

Increased, but no
supplement effects

Nutritional Intervention (1 week)
Vitamin C, E, N-acetyl cysteine, etc
Demirbag et al. (2005)

Parise et al. (2005)

113 untrained healthy

Exercise Treadmill Test

Plasma mononuclear

subjects

(a modified Bruce Protocol)

DNA damage

28 subjects (older males

14 wk whole-body resistance

Urine (spot) 8-OHdG

and females)

exercise

Comet assay

No change

ELISA

Decreased

8-OHdG = 8-hydroxy-2'-deoxyguanosine; HPLC = High performance liquid chromatography; Comet assay = Single cell gel electrophoresis assay;
ELISA = Enzyme-linked immunosorbent assay
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Table 2 (continued). Summary of previous studies with regard to oxidative DNA damage induced by exercise in humans.
References
Bloomer et al. (2006a)

Bloomer et al. (2006b)

Participants

Type of Exercise

Sample

Technique

25 aerobically trained

Treadmill exercise for 30 min

Serum 8-OHdG

ELISA

males
25 aerobically trained

at 80% VO2 max
Nutritional Intervention (2 weeks)

females

Vitamin C, E, vegetable juice

13 resistance trained

1 set of 15 repetition of

men

barbell squats using 70% of

Findings
Treatment effects
observed, but not
changed over time

Serum 8-OHdG

ELISA

No change

Lymphocytes

Comet assay

No change

Serum 8-OHdG

ELISA

Increased, and

IRM a 30 s maximal cycle
sprint
Peter et al. (2006)

5 well-trained runners

Before, immediately and 3 h
after 2.5 h of treadmill
running at 75% VO2 max

Tsakiris et al. (2006)

10 males basketball

Forced training

players

Nutritional Intervention (1 month)

treatment effects

L-cysteine

observed

supplementation
Bloomer et al. (2007)

14 active smokers

Graded treadmill strenuous

15 active smokers

exercise

Plasma 8-OHdG

ELISA

No change, and
no differences
between groups

8-OHdG = 8-hydroxy-2'-deoxyguanosine; HPLC = High performance liquid chromatography; Comet assay = Single cell gel electrophoresis assay;
ELISA = Enzyme-linked immunosorbent assay
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2.2.2 Chronic Exercise
Similar to single bouts of exercise, there is some evidence obtained regarding
regular exercise. For example, Poulsen et al. (1996) has observed increased urinary
excretion of 8-OHdG in subjects after 30 days of hard exercise. Furthermore, Radak et
al. (2000) reports the effect of a super-marathon, a four-day race on oxidative DNA
damage accounting for urinary 8-OHdG excretion. Interestingly, urinary 8-OHdG
excretion was increased after the first two days but then fell to normal levels even when
the running distance was longer. The accumulation of urinary 8-OHdG could reflect
nuclear and mitochondrial DNA damage, or it could stem from cellular turnover (Poulsen
et al., 1996).
In an animal study, Asami et al. (1998b) demonstrated increased 8-OHdG content
in liver, cardiac, and skeletal muscle of rats after forced treadmill running. Radak et al.
(1999b) trained rats for 9 weeks with 1 hour of swimming per day, 5 times per week and
found significantly less 8-OHdG content in the skeletal muscle of the trained rats. This
significant difference in the 8-OHdG content may be attributed primarily to the upregulation of the DNA repair enzymes such as OGG1 and MTH1 (Goto et al., 2003;
Radak, 2003). This exercise-induced adaptation appears to involve the whole body
(Radak et al., 2001b).
Accumulation of oxidative damage in DNA has been shown to increase the risk of
cancer (Poulsen et al., 1996; Richter et al., 1988). Repeated exercise and training lessen
the incidence of cancer and decrease the development of certain tumors (Radak et al.,
2001c; Shephard and Futcher, 1997; Shern-Brewer et al., 2000; Thompson, 1994). One
study has examined the level of 8-OHdG in nuclear DNA in tumors and livers of solid
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leukemia and sarcoma-bearing trained and untrained mice and rats (Radak et al., 2001c).
In the study, exercise training significantly decreased the size of the tumors, but the 8OHdG was not altered (Radak et al., 2001c). The findings with respect to chronic
exercise are inconsistent due to the methodological differences in measuring oxidative
DNA damage. It appears that regular exercise and training induce an increase in
oxidatively damaged DNA, enhancing the repair process, which leads to maintained or
decreased basal levels of DNA damage. Taken collectively, regular, mild exercise may
be an approach to avoid the detrimental effects of significant DNA damage (Radak et al.,
2001b).
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Table 3. Summary of previous studies with regard to oxidative DNA damage induced by exercise in animals.
References
Okamura et al. (1997b)

Animals

Type of Exercise

Exercise (N=6 dogs)

Treadmill running for 7 hours

Control (N=6 dogs)

Asami et al. (1998b)

Sample

Technique

Findings

Gastrochemius muscle

HPLC

No change

Lymphocytes 8-OHdG

HPLC

Decreased

HPLC

and other tissues 8-OHdG

7 wk old male Sprangue-

Forced and Spontaneous

Heart, Lung, Liver

Dawley rats: Control (n=9)

Exercise

8-OHdG

Increased in forced

12 young male Wistar rats

Long-term swimming

Gastrocnemius

12 middle-aged male Wistar rats

training

muscle 8-OHdG

62 Sled dogs: Sedentary and

Prolonged exercise

Plasma 8-OHdG

nonsupplemented (control; N=21)

Day 1 - 64 km running

supplemented

Exercise and supplemented (N=22)

Day 2 - 75 km running

group

Exercise and nonsupplemented (N=19)

Day 3 - 75 km running

24 male Wistar Rats

A single bout of exercise

Control (N=6), Immobilized (N=6)

and immobilization

exercise group

Forced exercise (n=12)
Spontaneous exercise (n=10)
Radak et al. (1999b)

HPLC

Decreased in
exercised rats

Young control (N = 6)
Young exercise (N= 6)
Middle-aged control (N = 6)
Middle-aged exercise (N = 6)
Baskin et al. (2000)

Radak et al. (2001a)

Brain 8-OHdG

ELISA

HPLC

Decreased in

Increased in
immobilized rats

Exercised (N=6), Exercised after
immobilized (N=6)
Radak et al. (2001c)

Control rats (N=n/a)

Mild and strenuous exercise

Exercise trained rats (N=n/a)

training

Liver 8-OHdG

8-OHdG = 8-hydroxy-2'-deoxyguanosine; Comet assay = Single cell gel electrophoresis assay; ELISA = Enzyme-linked immunosorbent assay;
HPLC = High performance liquid chromatography
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ELISA

No change

Table 3 (conteinued). Summary of previous studies with regard to oxidative DNA damage induced by exercise in animals.
References
Radak et al. (2002)

Animals

Type of Exercise

Adult and old male F344 / Du Crj

8weeks of treadmill running

rats

Sample

Technique

Gastrocnemius

HPLC

muscle 8-OHdG

Findings
Increased in old
sedentary controls

Adult sedentary control (N=6)
Adult exercise trained (N=6)
Old sedentary control (N=6)
Old exercise trained (N=6)
Selman et al. (2002)

Short-trailed field vole

Voluntary running over

Lymphocytes

Comet assay

No change, and

Microtus agerestis (n=18)

1 or 7 days duration with

Hepatocytes

Comet assay

no differences

Control (n=6)

or without an 8-h rest period

between groups

1 d runner (N=6)
7 d runner (N=6)
Ohkuwa et al. (2004)

Nakatani et al. (2005)

Wistar Rats (4wk male)

8 weeks of hypoxia and

Hypoxia and exercise (N=n/a; HE)

hypoxic running

Liver 8-OHdG

ELISA

Decreased in HE
and HS groups,

Hypoxia and sedentary (N=n/a; HS)

but no differences

Normoxia and sedentary (N=n/a; NS)

between groups

5 wk-old male Wistar rats

11 weeks of swimming

Kidney 8-OHdG

HPLC

Habitual exercise (N=19; HE)

Lower in HE
compared with SC

Sedentary (control; N=16; SC)
Ogonovszky et al. (2005a)

28 Wistar rats (20 month old)
Control trained (N=n/a)
Moderately trained (N=n/a)
Strenuously trained (N=n/a)
Over-trained (N=n/a)

8 weeks of moderate-,
strenuous-, and over-load
swimming

Brain 8-OHdG

8-OHdG = 8-hydroxy-2'-deoxyguanosine; Comet assay = Single cell gel electrophoresis assay; ELISA = Enzyme-linked immunosorbent assay;
HPLC = High performance liquid chromatography
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HPLC

No change, and
no differences
between groups

Table 3 (conteinued). Summary of previous studies with regard to oxidative DNA damage induced by exercise in animals.
References
Ogonovszky et al. (2005b)

Animals

Type of Exercise

Sample

Technique

Findings

24 Wista rats (20 month old)

8 weeks of moderate-,

Liver 8-OHdG

HPLC

Higher in over-

Control trained (N=6)

strenuous-, and over-load

Moderately trained (N=6)

swimming

trained group
compared with

Strenuously trained (N=6)

others

Over-trainesd (N=6)
Seo et al. (2006)

Male Ficher 344 rats (10-11 wk-old)

Voluntary wheel running

Liver 8-OHdG

HPLC

No change, and

Young sedentary libitum fed (N=12)

no defferences

Old sedentary libitum fed (N=19)

between groups

Old lifelong 8% calorie restricted (N=20)
Old lifelong 8% calorie restricted with
lifelong daily voluntary running (N=20)
Nakamoto et al. (2007)

Male specific pathogen

8 weeks of the regular

Liver 8-OHdG

free F344 / Du rats

treadmill running (30-90 min

(nucleus and

Young adult sedentary control (AS)

per day, 5 days a week)

mitochondria)

HPLC

Higher in OS
compared with AS

Old sedentary control (OS)
Old exercised (OE)
Radak et al. (2007)

Male specific pathogen

8 weeks of treadmill running

free F344 / Du rats

Quandriceps muscles
8-OHdG

sedentary, exercise, training
8-OHdG = 8-hydroxy-2'-deoxyguanosine; Comet assay = Single cell gel electrophoresis assay; ELISA = Enzyme-linked immunosorbent assay;
HPLC = High performance liquid chromatography
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HPLC

Higher in exercised
group

2.2.3 Exercise with Antioxidant Supplementation
In terms of the steady-state level, the term antioxidant has broadly been used to
denote any substance that protects biomolecules either directly by scavenging ROS and
RNS or indirectly by upregulating the antioxidant defense or DNA repair systems (Moller
and Loft, 2006). Many compounds in food have antioxidant potentials, which are
capable of interacting with reactive molecules. The vitamins C and E, provitamin βcarotene, and the trace element, selenium, are known for their antioxidant potential
(Kaviarasan et al., 2004). In addition to those antioxidants, other compounds found in
plant foods, including flavonoids and polyphenols, are also powerful antioxidants.
Polyphenolic compounds have the potential to protect against anti-inflammatory
responses and low-density lipoprotein oxidation and carry out antihypertensive,
antithrombic, and carcinostatic actions (Middleton et al., 2000).
Although there are a variety of exogenous antioxidants as mentioned above, seeds
of fenugreek are now in the limelight as being one of the potential sources for
antioxidants (Kaviarasan et al. 2004). The seeds, commonly used in India and other
Asian countries, contain a rich source of fiber (Kaviarasan et al., 2004). The
antihyperglycemic effects of fenugreek seeds and their subfractions have been shown in
diabetic rats (Khosla et al., 1995), dogs (Ribes et al., 1986), and humans (Gupta et al.,
2001). Ruby et al. (2006) have recently observed increased post-exercise glycogen
resynthesis following a high oral dose of dextrose with the fenugreek extract added. The
seeds also demonstrate beneficial effects in hypolipidemic subjects (Sharma, 1986) and in
cancer patients (Sur et al., 2001). According to Anuradha and Ravikumar (2001),
supplementation of seeds in the diet increases the antioxidant potential in control and
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diabetic rats. Kaviarasan et al. (2004) reported the effect of fenugreek seed polyphenols
on oxidative hemolysis and lipid peroxidation induced by hydrogen peroxide (H2O2) in
vitro in the eythrocytes of normal and diabetic subjects. The authors found that
polyphenolic-rich fraction from fenugreek seeds protects the erythrocytes against
hemolysis and lipid peroxidation in both a normal and diabetic state. The seeds have also
been demonstrated to contain high levels of flavonoids (>100 mg/100 g)(Gupta and Nair,
1999). Five different flavonoids, namely vitexin, tricin, naringenin, quercetin, and tricin7-O-β-D-glucopyranoside, have been identified in fenugreek seeds (Shang et al., 1998).
Taken together, inclusion in the diet of substantial quantities of this spice could provide
some health advantages by preventing cell structures against oxidant compounds.
Concerning the effect of exercise with antioxidant supplementation, it has been
demonstrated that oxidative DNA damage induced by exercise can be attenuated by the
actions of a variety of antioxidants (Hartmann et al., 1995; Sumida et al., 1997). An
antioxidant may function to reduce the oxidative damage to DNA and other molecules
(Goldfarb, 1993). There is a paucity of data about whether DNA damage is attenuated
after endurance exercise with antioxidant supplementation. However, the findings have
been inconsistent. For example, some studies have found a positive effect using a single
antioxidant such as vitamin E (Hartmann et al., 1995; Sacheck et al., 2003) or β-carotene
(Sumida et al., 1997). Furthemore, Mastaloudis et al. (2004) have shown that women are
protected from DNA damage following exercise when vitamin C and E are ingested
together. On the other hand, Davison et al. (2005) have observed no effects of multiple
antioxidant supplementation on DNA damage following exercise. Therefore, whether
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antioxidant supplementation associated with exercise has protective effects remains to be
clarified.

2.2.4 Exercise-induced Apoptosis
It remains elusive as to how and why apoptosis is induced in the skeletal muscle
after exercise. Allen et al. (1997) hypothesized that an elevated production of ROS and
RNS induced during exercise would result in increased DNA damage and thereby
directly induce apoptosis. Specifically, Type I muscle fibers (slow twitch, oxidative)
may be overwhelmed by the amount of ROS and RNS produced and may not be able to
effectively scavenge them (Allen et al., 1997). In line with this hypothesis, Mars et al.
(1998) reported that whether or not DNA damage directly stems from oxidative damage
or whether it results from a part of the process of apoptosis remains unclear. However,
there are some significant findings between oxidative DNA damage and apoptosis after
exercise (Table 4 describes the methodology to detect apoptosis). For instance, Mooren
et al. (2004) showed no alterations in the percent of apoptotic cells (annexin-V positive)
after a marathon run in endurance-trained athletes. Contrary to this, increased apoptosis
(DNA fragmentation) was observed in untrained individuals after 40 min of cycling
⋅ O peak (Wang and Huang, 2005). While Niess et al. (1998) found
exercise at 80%V
2
increased leukocyte DNA damage (strand breaks) in trained subjects after a half
marathon event, Peters et al. (2006) recently demonstrated no lymphocyte DNA damage
(strand breaks) or augmented apoptosis (annexin-V positive) in well-trained endurance
⋅ O max. In parallel with the
athletes after 2.5 h of treadmill running at 75%V
2
aforementioned findings, Umegaki et al. (1998) described chromosomal damage in
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lymphocytes in untrained individuals after 30 min of submaximal treadmill running at
⋅ O max compared with highly-trained athletes. The elevated chromosomal stability
85%V
2
in highly-trained athletes may in part be stemmed from the decreased percentage of
apoptotic lymphocytes due to the adaptive responses such as enhanced DNA repair
(Peters et al., 2006).

2.2.5 Normalization of Urinary 8-OHdG Level
Urinary levels of any oxidatively damaged product are depedent on renal
function. However, a controversy has been raised in the normalization of urinary 8OHdG level about appropriate units of expression of 8-OHdG (Pilger et al., 2002).
Creatinine is used routinely to correct for variations in urine concentration of various
parameters in medicine when using spot or 24-urine as evidenced by a correlation
between urinary 8-OHdG and creatinine (Pilger et al., 2002; Poulsen et al., 1998).
Tagesson et al. (1996) suggested that urinary creatinine may reflect not only the degree of
urine dilution but also other parameters connected to individual characteristics (e.g.,
skeletal muscle mass and creatine/creatinine ingestion from dietary intake).
In terms of examining the effects of exercise on urinary 8-OHdG, previous
studies suggest that the correction procedure using the amount of urinary excretion of
creatinine would make sense if the amount of its excretion was stable (Almar et al., 2002;
Okamura et al., 1997). This is because an increase in the creatinine excretion into the
urine is associated with an increase in muscle mass, enhanced muscle metabolism and
other tissue breakdown (Almar et al., 2002; Okamura et al., 1997).
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Table 4. Comparison of different methods to detect apoptosis
Method

Parameter

Sensitivity

Specifity

Advantages

Disadvantage

analyzed
TUNEL

DNA stand
breaks

high

low

-useful for fixed or
frozen tissue sections
-identification of single
nuclei and assignment
of apoptotic nuclei to
cell type is possible

labor intensive, only a few
tests may be performed
simultaneously

DNA-ladder

DNA
fragmention

low

high

a clear hallmark of
apoptosis

-no assignment of the apoptotic
nuclei to a specific cell type
-no quantitative measurement

Electron
microscopy

Nuclei
morphology

high

moderate

-a clear hallmark of
apoptosis
-assignment of apoptotic
nuclei to cell type is
possible

-very labour intensive
-difficult to detect few cells in a
large cell population
-not all apoptotic cell show
morphological changes

Protease
activity
assay

Activation of
caspase-3

low

moderate

-Marker for very early
stage of apoptosis

a high number of apoptotic cells
are required for a positive result

Adopted from Adams et al. (2001). TUNEL=Terminal deoxynucleotidyl transferase mediated dUTP nick end labeling
Annexin V is also considered to be a new marker for the detection of apoptosis although it is not inlcluded in this list.
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2.3 Proteinuria
2.3.1 Mechanism
Table 5 shows the classification of proteinuria in which exercise-induced
proteinuria is categorized as nonpathlogical proteinuria compared with pathological
proteinuria. The term “proteinuria” is used to indicate urinary protein excretion beyond
the upper limit of normal (Bergstein, 1996, 1999). The upper limit of normal protein
excretion in healthy humans approximates 150 mg⋅day-1 or 10 mg⋅dL-1 (Bergstein, 1996,
1999). Proteinuria can be divided into two categories (Table 5). In the first category,
nonpathological proteinuria, excessive excretion is considered not to be the result of a
disease state. On the other hand, pathological proteinuria stems from glomerular or
tubular disorders (Bergstein, 1996, 1999).
According to Poortmans (1985), proteins are manipulated by the kidney in a
complex manner in which three major variables are associated with protein excretion:
glomerular permeability, tubular reabsorbption, and the disposal of the absorbed proteins
(Poortmans, 1985). Schultz and Heremans (1966) have demonstrated that the filtered
load amounts to 360 mg for high-molecular-weight proteins each day and 360 mg for
low-molecular-weight proteins in healthy humans. Provided that almost 20 mg of plasma
proteins is excreted every 24 hours (Poortmans, 1977), there is almost 95% tubular
reabsorption of these molecules (Poortmans, 1985).
Figure 3 depicts the basic mechanisms of post-exercise proteinuria. Given that
proteins are being filtered and reabsorbed, two fundamental mechanisms can induce
proteinuria: increased glomerular permeability with no alterations in tubular reabsorption,
and/or impaired tubular reabsorption of filtered proteins (Poortmans, 1985).
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Differentiation of glomerular and tubular proteinuria has been determined based on
urinary excretion of high-molecular-weight proteins (i.e., albumin) and low-molecularweight protein (i.e., β2-microglobulin)(Peterson et al., 1969). In renal diseases in which
glomerular permeability is elevated, larger amounts of high-molecular-weight proteins
appear in the urine. When proteinuria results in tubular dysfunction, the quantity of
protein filtered by the glomeruli is not increased and low-molecular-weight proteins
appear in urine because tubular reabsorption is incomplete (Poortmans, 1985). The large
amounts of excreted albumin and immunoglobulin G (IgG) would typically suggest
increased glomerular permeability (Poortmans and Jeanloz, 1968). These phenomena
appear to be related to renal hemodynamic changes with hormonal influences. For
instance, several studies have demonstrated reduced renal blood flow with respect to the
intensity of exercise decreased to 20% of the original flow (Grimby, 1965). According to
Poortmans (1977), the reduction of renal blood flow paralleled with vasoconstriction of
renal arterioles during exercise is also induced by an increase of epinephrine and
norepinephrine. Subsequently, the reduced renal blood flow during exercise has a
concomitant effect on the glomerular filtration rate with the altered diffusion process of
macromolecules into the tubular lumen (Grimby, 1965).
There is some evidence that during strenuous exercise, the albumin clearance
increases almost 30-fold while the β2-microglobulin clearance increases 160-fold as
compared with resting values (Poortmans, 1985). These results indicate a limitation of
renal tubules to reabsorbe low-molecular-weight proteins on the assumption that maximal
tubular reabsorption is reached during severe exercise. Therefore, it is plausible that
during mild/moderate exercise, the occurrence of proteinuria is mainly of the glomerular
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type. In contrast, severe/short-term exhaustive exercise may induce the mixed
glomerular-tubular type of proteinuria (Poortmans, 1985).
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Table 5 Classification of proteinuria*
A. Nonpathlogical proteinuria
1. Postural (orthostatic)
2. Febrile
3. Exercise-induced
B. Pathological proteinuria
1.Tubular
a. Inherited
Cystinosis
Wilson disease
Lowe syndrome
b. Acquired
Antibiotic-induced
Interstitial nephritis
Acute tubular necrosis
Heavy metal poisoning
(mercury, gold, lead)

2. Glomerular
a. Nephrotic syndrome
Idiopathic
Minimal change
Mesangial proliferation
Focal sclerosis
Congenital and infantile
b. Glomerulonephritis
Idiopathic(membranous,membranoproliferative)
Systemic diseases (lupus erythematosus)
Others (drugs)
c. Hypertension
d. Diabetes mellitus
e. Hemolytic uremic syndrome
f. Hyperfiltration secondary to nephron loss
(with or without focal sclerosis) due to
chronic pyelonephritis or other renal diseases
*Adapted from Bergstein JM (1996, 1999)
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Exercise

Rest

Epinephrine
Renal Vasoconstriction
Decreased Glomerular
Filtration Rate
Increased Glomerular
Permeability

Sympathetic
System

Kallikrein
Renin

Increased Filtration Fraction
Increased Protein Filtration
Imparied Protein Reabsorption

Aldosterone
ADH
Hypophysis (Pituitary gland)

Increased Plasma
Osmotic Pressure

Figure 3. Cited from Poortmans (1981). Mechanisms of post-exercise proteinuria. RBF=renal blood flow; ADH=
antidiuretic hormone.
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2.3.2 Proteinuria Biomarkers
The following biomarkers have commonly been used to determine exerciseinduced proteinuria. First of all, urinary total protein excretion is regarded as a marker of
a combination of glomerular permeability, tubular leakage, tubular secretion, and normal
urinary protein excretion by the kidneys (Newman et al., 2000). Furthermore, urinary
albumin (a high-molecular- weight protein) excretion is referred to as a reflection of
glomerular permeability (Newman et al., 2000). β2-microglobulin (a low-molecularweight protein) is freely filtered at the glomerulus and reabsorbed by the renal proximal
tubule (Miyai and Ogata, 1990; Yaguchi et al., 1998). N-acetyl-β-D-glucosaminidase
(NAG) excretion (a lysosomal enzyme) is produced in proximal tubular cells (Miyai and
Ogata, 1990; Yaguchi et al., 1998). Increased urinary excretion of β2-microglobulin and
NAG is a sign of renal tubular dysfunction.

2.3.3 Sampling Time, Collection, and Normalization
The procedure to determine the excretion of analytes in urine specimens collected
during 24 hours is commonly used in order to reduce the variability of the excreted
analyte due to physiological factors such as diuresis, physical activity, and circadian
rhythms (Jung, 1991, 1994). However, accurately timed collection of urine samples is
often unreliable and especially not practical in research purposes and in the clinical
settings (Jung, 1991). Shorter collection periods (spot urine) or more convenient random
urine samples, such as the second morning urine after the first void urine, have been
suggested to replace the procedure of 24-hour collection (Ginsberg et al., 1983; Lemann
and Doumas, 1987). This has especially been common practice in occupational medicine
(Alessio et al., 1985). The excretion of enzymes or proteins expressed relative to urinary
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creatinine provides the advantage that the diuresis-dependent excretion (e.g., inconstant
dilution/concentration of urine samples) can be at least partly adjusted (Elkins et al.,
1974; Jung et al., 1986). However, the use of urinary creatinine as a reference basis may
bring about another difficulty. As the protein/creatinine ratio results from two variables,
that ratio is also affected by urinary creatinine excretion, which is dependent on sex, age,
muscle mass, and urine flow rate (Jung, 1991). Although specific gravity and osmolarity
have been proposed as an adjustment procedure for other reference parameters, those
have rarely been used (Houser, 1986; Leonard, 1974).

2.3.4 Hydration Markers
Table 6 provides an assessment of a variety of hydration biomarkers (Institute of
Medicine, 2005; Montain et al., 2006). Although dilution methods of total body water
(TBW) with plasma osmolality measurements offer the most valid and precise measures
of body hydration status (Institute of Medicine, 2005; Ritz, 1998), those are not practical
for use. In contrast, there are several simple biomarkers (e.g., body weight and urinary
specific gravity) to determine individuals’ hydration status which provide valuable
insight.
First of all, body weight (BW) measurements are considered to be a simple and
effective tool to assess fluid balance (Cheuvront et al., 2002, 2004). Several studies
suggest that a first morning (after urinating) nude BW can be stable and fluctuate by <1%
for well-hydrated persons who are in energy balance (Adolph, 1943; Cheuvront et al.,
2004; Grandjean et al., 2000, 2003). Furthermore, some studies have indicated that
sweating rates and perturbations in hydration status can be determined based on acute
changes in BW during exercise (Adolph, 1943; Cheuvront et al., 2002). This approach is

40

based on the assumption that 1 mL of sweat loss is equal to a 1-g loss in body weight
(i.e., specific gravity of sweat is 1.0 g·mL-1, American College of Sports Medicine,
2007).
Urine biomarkers of hydration status can determine whether an individual is
euhydrated or dehydrated (Armstrong et al., 1994; Popowski et al., 2001; Shirreffs and
Maughan., 1998). According to Armstrong et al. (1994), the specific gravity (USG) and
osmolality (UOsmol) of urine are quantifiable, while urine color and urine volume are
often subjective and can be confounded. A USG of ≤ 1.020 is indicative of euhydrated
conditions (Armstrong et al., 1994; Bartok et al., 2004; Popowski et al., 2001). Although
UOsmol is more variable, values ≤ 700 mOsmol·kg-1 represent euhydrated status
(Armstrong et al., 1994; Popowski et al., 2001; Shirreffs and Maughan, 1998).
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Table 6 Biomarkers of hydration status
Validity (Acute vs.
EUH
Practicality Chronic changes)
Cut-Off
TBW
Low
Acute and Chronic
<2%
Plasma Osmolality
Medium
Acute and Chronic
<290 mOsmol
Urine Specific Gravity High
Chronic
<1.020 g/mL
Urine Osmolality
High
Chronic
<700 mOsmol
Body weight
High
Acute and Chronic*
<1%
Adopted from the American College of Sports Medicine Position Stand (2007).
TBW=total body water; EUH=euhydration; *Potentially confounded by changes in body
composition during very prolonged assessment periods.
Measure
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2.4 Effects of Exercise on Proteinuria
2.4.1 Short-duration Exercise
Table 7 summarizes previous studies related to proteinuria induced by exercise in
humans. Von Leube (1878) was the first to recognize exercise-induced proteinuria based
on excess urinary proteins in soldiers after physical exercise. Gardner (1956) introduced
the term “athletic pseudonephritis” to indicate that the urinary protein excretion pattern
after exercise, which was initially believed to be a nephritis due to higher urinary
excretion of albumin, is benign, transient, and reversible.
Previous studies have examined protein excretion to assess renal glomerular
involvement in athletic events (Cierico et al., 1990; Kallmeyer and Miller, 1993; Kramer
et al., 1988; Sobiech et al., 1992). However, the quantitative aspect of urinary protein
excretion remains inconclusive in terms of running different distances. Poortmans and
Labilloy (1988) have examined blood lactate, total protein, albumin, and creatinine in
plasma and urine at three different runs (100, 400 and 3000 m) on separate days at
subjects’ maximal speed. The main finding of the study was that proteinuria and blood
lactate are higher for the 400 m than for the 100 m run, indicating that post-exercise
proteinuria is dependent on the intensity of exercise, rather than its duration. In line with
a lower-body exercise, one study examined the effects of high intensity rowing on renal
function (Poortmans et al., 1990). The authors concluded that the effects of strenuous
rowing exercise on urinary protein excretion appear to be similar to that during maximal
cycling tests in the same individuals (Poortmans et al., 1990). The results of this study
indicate that there is no difference between upper- and lower-body exercise.
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Another study determined the effects of swimming (associated with
weightlessness occurring during water immersion) on renal function (Poortmans et al.,
1991). In this study, trained male swimmers performed 3 distances (100, 600 and 2000
m) in competitive situations. It was concluded that a strong linear relationship is
observed between the speed of the swim and protein excretion rates, emphasizing that the
major effect of the renal responses is related to the intensity of the exercise.
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Table 7. Summary of previous studies related to proteinuria induced by exercise in humans
References
Coye and Rosandich (1960)

Participants

Type of Exercise

Sample

Dependent variable

Findings

10 university football

Football practice game

Urine (spot and

Total protein

Increased

Total protein

Increased, but total

Albumin
§2-microglobulin

initial values 45 min

players
Poortmans and Vancalck

15 healthy females

(1978)

24 h)
Strenuous exercise

Urine (spot)

consisting of seven 1 min
period of maximum
exertion interrupted by

protein returned to
after exercise

1 min period of rest
Campanacci et al. (1981)

Huttuen et al. (1981)

37 subjects

Maximal bicycle ergometer

Urine (spot)

15 = soccer players

test

Total protein
§2-microglobulin

10 = basketball players

Soccer, basketball and handball

alpha1-glucosidase, etc

12 = handball players

matches

60 subjects

Bicycle ergometer test

Urine (spot)

(33 boys and 27 girls)

Increased in total
protein

Total protein

Increased in albumin,

§2-microglobulin

but not changed in
§2-microglobulin
and creatinine

Gilli et al. (1984)

Irving et al. (1986)

122 long-distance

49

13 km, 25

runners

20

1 h trial, 28

6 male runners

Marathon running

42 km

Urine (spot)

100 km

NAG

Increased

GGT
Urine (24 h)

Total protein

Increased in total

§2-microglobulin,

protein

etc
Alvarez et al. (1987)

26 runners

100 km running race

Urine (spot)

Albumin

Increased, but became
normal 24 h later

Farber et al. (1987)

39 triathletes

Full-ironman triathlon

Urine (spot)

(33 males and 6 females)

GGT = gamma-glutamyl transferase; NAG = N-acetyl-§-D-glucosaminidase; RBP = retinol binding protein
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Total protein

Increased

Table 7 (continued). Summary of previous studies related to proteinuria induced by exercise in humans
References
Helzer-Julin et al. (1988)

Participants

Type of Exercise

Sample

Dependent variable

Findings

13 male distance

60 min runs

Urine (spot)

Total protein

Increased

runners

LD=low intensity/dehydration

2 min bicycle exercise at

Urine (spot and

Increased §2-

supramaximal load

1 h)

Albumin
§2-microglobulin

LH=low intensity/hydration
HD=high intensity/dehydration
HH= high intensity/hydration

Poortmans (1988)

7 healthy males

Exercise alone

microglobulin in all
groups

Exercise with lysine
Perfusion lysine perfusion
Poortmans and Labilloy

15 males (physical

(1988)

education students)

100 m run

Urine

Total protein

400 m run

(spot and 1 h)

Albumin

Increased in all trials

3,000 m run
Poortmans et al. (1988)

7 healthy males

Total protein

Increased total protein

supramaximal load

2 min bicycle exercise at

Urine (spot)

Albumin

with or without

Exercise alone

§2-microglobulin

lysine perfusion

Increased during

2 days)

Total protein
§2-microglobulin,

Before and after

etc

Exercise with lysine perfusion
Irving et al. (1989)

2 male experienced

24 h running race

Urine (24 h x

runners

the race

the race
Poortmans et al. (1989)

13 active males

Graded exhaustive cycle

Urine (3 h)

ergometer exercise

Total protein
Albumin

GGT = gamma-glutamyl transferase; NAG = N-acetyl-§-D-glucosaminidase; RBP = retinol binding protein
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Increased

Table 7 (continued). Summary of previous studies related to proteinuria induced by exercise in humans
References

Participants

Type of Exercise

Sample

Dependent variable

Findings

Poortmans and Henrist

14 trained males

Bicycling, treadmill

Urine (spot and

Total protein

Increased

running under barefoot

1 h)

Albumin

(1989)

and air-cushion shoe
conditions
Clerico et al. (1990)

Edes et al. (1990)

10 professional cyclists

6 endurance athletes

Physical exercise

100-mile triathlon

Urine (overnight

Albumin

and spot)

alpha1-microglobulin

Urine (spot)

Albumin

Increased in albumin

Increased during
the mid-race

Irving et al. (1990)

Miyai and Ogata. (1990)

4 male and 1 female runners

90 kim running race

Urine (24 h)

Total protein
§2-microglobulin

Increased

17 male baseball players

Baseball training camp (4 days)

Urine (spot)

Total protein

Increased except for

albumin
§2-microglobulin

NAG

NAG
Poortmans et al. (1990)

12 trained male rowers

Static pool rowing and cycling

Urine (spot)

to exhaustion
Poortmans et al. (1991)

Total protein

Increased

Albumin

12 trained male

100 m swimming at

swimmers

maximal speed

Urine (spot)

Albumin

Total protein

Increased execpt for
§2-microglobulin

600 m swimming at

§2-microglobulin

after 2000 m

Albumin
§2-microglobulin

Increased

maximal speed
2,000 m swimming at
maximal speed
Estivi et al. (1992)

12 healthy males

Mountain agonistic footrace

Urine (spot)

GGT = gamma-glutamyl transferase; NAG = N-acetyl-§-D-glucosaminidase; RBP = retinol binding protein
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Table 7 (continued). Summary of previous studies related to proteinuria induced by exercise in humans
References
Robertshaw et al. (1993)

Participants

Type of Exercise

Sample

Dependent variable

Findings

16 healthy subjects

100 km hill walk

Urine (spot)

Total protein

Increased except for

Albumin

RBP

(9 males and 7 females)

NAG
RBP
Poortmans et al. (1996)

13 healthy physical

Five runs; 100, 400, 800,

Urine (spot and

Total protein

education students

1500, 3000 m

30 min)

Albumin

Increased

§2-microglobulin
RBP
McInnis et al. (1998)

70 healthy male

(1) 60 min treadmill run at

runners

90% of anaerobic threshold

Urine (spot)

Total protein

Increased after 400 m
sprint

(2) 60 min leg cycle
ergometer ride at 90% of
anaerobic threshold
(3) 3 x 400 m sprint
(4) 3 x 60 sec Wingate leg
cycle ergometry test
Yaguchi et al. (1998)

13 well-trained males

Short-Triathlon

Urine (spot and
24 h)

Total protein
§2-microglobulin

Increased in total
protein

NAG
Poortmans et al. (2001)

9 non-obese, normotensive
healthy males

Bicycle ergometer test under

Urine (spot, 30

Total protein

Lower in clonidine

administration of placebo

min, and 60 min)

Albumin

administration

and clonidine
GGT = gamma-glutamyl transferase; NAG = N-acetyl-§-D-glucosaminidase; RBP = retinol binding protein
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Table 7 (continued). Summary of previous studies related to proteinuria induced by exercise in humans
References
Gerth et al. (2002)

Participants

Type of Exercise

Sample

Dependent variable

Findings

51 subjects

100 km running race

Urine (spot)

Total protein

Increased in total

Albumin

protein and albumin

(44 males and 7 females)

alpha1-microglobulin,
etc
Montelpare et al. (2002)

14 males

Continuous and intermittent

8=rugby players

cycling protocol

Urine (spot)

Total protein

No change, but

Albumin

tended to increase

Total protein

Increased except for
§2-microglobulin

6=physical education
students
Neumayr et al. (2003)

38 male well-trained

Marathon cycling

Urine (spot)

recreational cyclists

Albumin
§2-microglobulin,
etc

Sos. (2004)

10 swimmers

During over-loading training

Urine (spot)

Total protein

(70 km/week for 6 weeks)

Decreased in the use
of treatment

Nutritional Intervention
Vitamins, Amino acids, Minerals
Ayca et al. (2006)

12 males and 12 females

Volleyball practice

Urine (spot)

(volleyball players)
Senturk et al. (2007)

20 young male students

Stepwise bicycle maximal

Urine (spot)

Total protein

Increased in total

GGT

protein

Total protein

Increased, but no

exercise

Albumin

treatment effects

sedentary (N=10)

§2-microglobulin,

trained (N=10)

etc

Nutritional Intervention
Vitamin treatment (A, C, E)

GGT = gamma-glutamyl transferase; NAG = N-acetyl-§-D-glucosaminidase; RBP = retinol binding protein
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2.4.2 Long-duration Exercise
There have been debates to date about whether long-duration exercise has an
influence on post-exercise proteinuria. First of all, Von Krull et al. (1984) concluded that
long-term exercise has no appreciable influence based on the observation undertaken
after 15 or 25 km of regular steps of walking with around 110 to 120 beats⋅min-1. Other
studies examined the effects of short- and long-duration running (range from 0.1 to 100
km) on urinary protein and albumin excretion (Poortmans, 1984; Poortmans and
Labilloy, 1988). Those findings apparently demonstrated that the excretion of urine
protein and albumin is paralleled with the intensity of exercise (highest values achieved
after 0.8 km running) as expressed by higher lactate values. In line with those
observations, there are several reports about the effects of short- (Yaguchi et al., 1998),
half- (Poortmans, 1992), and full-Ironman triathlon (Farber et al., 1987) on urinary
protein excretion. Regardless of the different durations, exercise-induced proteinuria
was found after the race, and the proteinuria tended to decrease and return to normal
within 48 hours (Farber et al., 1987; Yaguchi et al., 1998; Poortmans, 1992).

2.4.3 Traumatic Exercise Event
There is controversy about whether postexercise proteinuria can result from direct
traumatic sports such as American football, boxing, or lacrosse (Poortmans, 1994).
However, it is difficult to distinguish any difference in post-exercise proteinuria in
comparison of these traumatic sports with non-traumatic sports including running,
swimming, or rowing. Furthermore, Barrault et al. (1987) have assessed the effect of
judo training with and without falls on renal function. The main finding of the study was
that no differences were found in protein excretion between the two types of training. As
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a unique aspect of the study, Poortmans and Henrist (1989) have demonstrated the
influence of treadmill running with air-cushioned shoes on post-exercise proteinuria. The
findings of the study indicated that slight haemolysis and repeated shocks on the foot sole
did not result in abnormal urinary excretion of protein.
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Chapter III. Methods
3.1 Subjects
3.1.1 Project I
A trained male triathlete served as the subject for four successive triathlons over a
two-year training cycle. The experimental triathlon events consisted of race A (halfIronman), race B (full-Ironman), race C (half-Ironman) and race D (full-Ironman). The
evaluation of body weight before and after the race A and D was considered in order to
determine cumulative effects on physiological conditions. All protocols conformed to the
standards set forth by the Declaration of Helsinki and approved by the Institutional
Review Board of the University of Montana.

3.1.2 Project II
Ten trained male cyclists served as the subjects. None of them reported a history
of regular exogenous antioxidant supplementation or other drugs with antioxidant
properties. All participants gave written informed consent prior to the current study. The
protocol of the present study was reviewed and approved by the Institutional Review
Board of the University of Montana.

3.1.3 Project III
Fifteen to twenty male active occupational physical workers (e.g., wildland
firefighters, and soldiers) served as the subjects. All participants were asked to complete
a brief questionnaire and anthropometric measurements were carried out at the beginning
of the work-shift. All subjects had no history of suffering from a heat-related illness,
renal, or bladder dysfunction. This study was conducted during the fire season on
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August, 2006. All participants provided written informed consent. The experimental
protocol in the current study was reviewed and approved by the Institutional Review
Board of the University of Montana and the US Army Research Institute of
Environmental Medicine.

3.2 Experimental Designs and Procedures
3.2.1 Project I
Experimental design
In order to demonstrate more closely what occurs during actual competition, the
dietary intake before, during, and after each race was based on ad libitum food or fluid
intake (Farber et al., 1991).

Training Volume
With regard to training volume, the subject recorded time spent in each of the
three sections such as swimming, cycling, and running involved in the triathlon as
described by Margaritis et al. (1997). Training volume was recorded in minutes per week
for each section (Figure 1). The first training session (9 month training period) was from
January 1st, 2005 to race A, and the second training session (6 month training period) was
after January 1st, 2006 to race B. Furthermore, the third training session (4 month
training period) continued by the end of race D. However, the subject did not have any
intense training up to four days after each race was completed.

Exercise Testing
Exercise testing was performed within two weeks before race A and after race D.
⋅ O peak) were determined with
Ventilatory threshold (Tvent) and peak oxygen uptake (V
2
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an electronically braked cycle ergometer (Velotron, Seattle, WA) and motorized treadmill
(Quinton treadmill, Seattle, WA) to evaluate the subject’s fitness level at the beginning
and the end of successive races. During the exercise test, expired gases were collected
and analyzed at 15-second intervals using a calibrated metabolic cart (Parvomedics, Inc.,
Salt Lake City, UT), which was calibrated with a 3L calibration syringe and medical
gases of known concentrations (15.2%O2, 5.17%CO2, N2-balance).

Urinary Sample Collection and Biomarkers
For all races (races A, B, C, and D), 24-hour urine output was collected on the day
before (Pre) and after race (Day 1) to evaluate exercise-induced proteinuria. In this
study, the markers of proteinuria includes total protein, albumin, β2-microglobulin, Nacetyl-β-D-glucosaminidase, and creatinine. Urinary samples for the markers of
proteinuria were kept frozen at –80°C until subsequent analysis.
For all races, 24-hour urine output was also collected on the day before the race
and days 1, 2, and 4 post-race to determine exercise-induced whole body DNA oxidation
from measured values of urinary 8-OHdG excretion. Urine specimens for urinary 8OHdG analysis were adjusted to the pH of 4-5 by the addition of 2 M HCl and 15 ml
aliquots of urine were stored frozen at -20°C (Germadnik et al., 1997).

Determination of Urinary 8-OHdG Levels
Determination of urinary 8-OHdG levels was based on a modification of
Germadnik et al. (1997) using high-performance liquid chromatography with
electrochemical detection. Each urinary sample had at least one freeze-thaw step and was
centrifuged at 1500 g for 5 min before precipitates were removed. The supernatant
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underwent a cleanup procedure by solid-phase extraction. The Bond Elut solid-phase
extraction columns C18/OH (C18/OH, 500 mg, 3 ml; Varian Inc., Lake Forest, CA) were
preconditioned with 10 ml of methanol, 5 ml of water, and 10 ml of 50 mM KH2PO4 at a
pH of 7.5 (buffer A). A 2-ml volume of urine premixed with 1 μl of 8OHdG standard (1
mg⋅ml-1) was applied to the first column. The column was washed with 3 ml of buffer A
and 3 ml of 5% methanol in buffer A. 8-OHdG was eluted with 3 ml of 15% methanol in
buffer A. The eluate then was diluted with 5 ml of water, mixed, and applied to another
conditioned C18/OH column. The column was dried under vacuum and the absorbed
material was eluted with 1.5 ml of 20% methanol in buffer A. To remove methanol, the
samples were evaporated for 1.5 h in a SpeedVac® Concentrator SVC200H (Savant,
Holbrook, NY) and subsequently filled up with buffer A to give a final volume of 1.5 ml.
As described by Bolin et al. (2004), urinary 8-OHdG was subsequently analyzed
by HPLC with a reverse phase YMCbasic column (4.6 mm × 150 mm; particle size
3 μm)(YMC Inc., Wilmington, NC) and quantified using a CoulArray electrochemical
detection system (ESA Inc., Chelmsford, MA). An isocratic mobile phase containing
100 mM sodium acetate at a pH of 5.2 and 4% methanol (HPLC Grade) diluted in water
passed through C18 Sep-Pak cartridges (Waters Corp., Milford, MA) was prepared to
elute the nucleosides from the column. Prior to running the HPLC, the mobile phase was
filtered using 0.2 μm nylon filters. Potentials of the four coulometric analytical cells of
the CoulArray system placed in series were as follows: 50, 125, 175, 200, 250, 380, 500,
700, 785, 850, 890, and 900 mV. Based on the peak area of the 8-OHdG standard eluted
at 9.0 min in the 250 mV channel, the calibration curve for 8-OHdG was utilized. In
order to obtain highest sensitivity, the electrochemical cells were activated by
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equilibrating and waking up standards (three times the highest concentration of
calibration standards) and were injected into the HPLC. The amount of 8-OHdG was
calculated using the peak areas from the 10-20 μl injection of the prepared elute. Data
were analyzed using the CoulArray software package for Windows (ESA Inc.,
Chelmsford, MA).

Determination of Urinary Proteinuria and Specific Gravity
Total protein was based on an improved coomassie blue G method and
spectrophotmecally determined (BioAssay Systems, Hayward, CA). Albumin (Alpha
Diagnostic International, San Antonio, TX) and the β2-microglobulin (ALPCO
Diagnostics, San Antonio, TX) were tested on the enzyme-linked immunosorbent assay,
respectively. The N-acetyl-β-D-glucosaminidase (Roche Applied Science, Indianapolis,
IN) and creatinine (Stanbio Laboratory, Boerne, TX) were determined using the
colorimetric assay, respectively. To evaluate the subject’s hydration status before and
after each race, urinary specific gravity was determined using a refractometer (ATAGO,
Bellevue, WA).

3.2.2 Project II
Preliminary Exercise Testing
With a graded exercise protocol (starting at 95 watts and increasing 35 watts
⋅ O ) were
every three minutes), lactate threshold and peak oxygen uptake (Peak V
2
determined on an electronically braked cycle ergometer (Velotron, RacerMate Inc.,
Seattle, WA). During the exercise tesing, expired gases at 15-second intervals were
collected with a calibrated metabolic cart (Parvomedics, Inc., Salt Lake City, UT).
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Body Composition Assessment
Using hydrodensitometry, body density was assessed and corrected for estimated
residual lung volume. Net underwater weights for each subject were recorded with a
digital scale (Exertech, Dresbach, MN). Based on body density, percent body fat was
subsequently computed using the Siri equation (Siri, 1993).

Experimental Design
All the subjects performed a placebo controlled, double blind crossover design.
The experimental design performed in the current study has been reported in our
collaborative study regarding post-exercise glycogen resynthesis (Slivka et al., 2007).
The placebo trial (GLU) consisted of feedings of dextrose (1.8 g⋅kg-1 body weight per
feeding) plus placebo capsules (micro crystallized cellulose). Contrary to this, the
experimental trial (GLU + FG) was composed of feedings of dextrose (1.8 g⋅kg-1 body
weight) and fenugreek seed extract (Technical Sourcing International, Inc., Missoula,
MT). The schedule of the feeding during the two sessions was isocalorically identical for
GLU and GLU + FG trials. Trial order was allocated at random, which was counterbalanced with at least seven days between each session.

Experimental Procedure
All participants reported to the laboratory at 0730 on the day of the trial. Each
participant was instructed to consume a standard breakfast consisting of 2854 kilojoules
of energy (16.5 g fat, 117.1 g carbohydrate, and 17.1 g protein). After breakfast, the
subjects were settled down in the lab until 1000 to allow food to digest at which time a
needle muscle biopsy from the vastus lateralis was taken (Pre)(Slivka et al., 2007). The
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subjects then performed 5-h cycling exercise at an intensity of 50% of their peak power
⋅ O peak). During exercise, all the subjects were instructed to take water ad
output (52%V
2
libitum and to consume a standard sports drink consisting of 0.12 g⋅kg-1 body weight⋅hr-1
of carbohydrate. Carbohydrate sources were consumed at the beginning of each hour in
an effort to better maintain a euglycemic state. In order to monitor exercise intensity
⋅O
relative to individual V
2peak, expired gases were analyzed during the final ten minutes
of each hour.
Immediately following the five hour cycling exercise bout, a second biopsy
specimen was taken from a separate incision made approximately 2 cm proximal to the
initial biopsy site on the same leg (Post). After two hours following the Post biopsy, each
subject took either GLU or GLU + FG. Four hours following the Post biopsy, a third
biopsy was carried out (4-h Post) at a separate site approximately 2 cm from the previous
incision. All subjects then consumed another dose of placebo or experimental capsules
along with a meal composed of 3707.0 kilojoules of energy (22.3 g fat, 134.5 g
carbohydrate, and 36.8 g protein). Subjects were allowed to ingest provided snacks
(3401±1661 kilojoules of energy), which were recorded so that these same snacks were
isocalorically consumed during the subsequent trial. Subjects stayed in the lab overnight
in order to closely control activity and diet.
On the next morning (15 hours after the completion of the 5 hour exercise bout), a
fourth muscle biopsy was performed (15-h Post) at a different incision made 2 cm
proximal from the previous biopsy. Subsequently, a simulated flat 40km time trial was
conducted on the same Velotron cycle ergometer with RacerMate® custom course
software (RacerMate Inc., Seattle, WA).
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Muscle Biopsies
Muscle biopsies were obtained from the vastus lateralis muscle of the same leg in
a randomized order for each trial (Slivka et al., 2007). Each successive biopsy specimen
on the same leg was taken from a separate incision 2 cm proximal to the previous biopsy.
Muscle samples were immediately immersed into liquid nitrogen after getting rid of any
excess blood, connective tissue, or fat. The sample was kept at –80°C for the
determination of muscle 8-OHdG levels.

Urinary Sample Collection
Twenty-four hour urine output was collected on the day before the 5-h
submaximal exercise and up to day 5 post-race to determine urinary 8-OHdG excretion, a
marker of whole body DNA oxidation. Fifteen-hour urine output was taken between the
5-h prolonged exercise and the 40 km time cycling trial. By adding 2 M HCl, urinary
samples were adjusted to the pH of 4-5, and 15 ml aliquots were kept frozen at –20°C
(Germadnick et al., 1997).

Determination of Muscle 8-OHdG Levels
The determination of 8-OHdG levels in the muscle tissue was based on the
protocol previously described by Bolin et al. (2004). Analysis of the levels of 8-OHdG,
expressed as the ratio of 8-OHdG/2-deoxyguanosine (2-dG) was performed as follows.
8-OHdG and 2-dG were resolved by HPLC with a reverse phase YMC basic column (4.6
mm × 150 mm; particle size 3 μm)(YMC Inc., Wilmington, NC) and quantified using a
CoulArray electrochemical detection system (ESA Inc., Chelmsford, MA). An isocratic
mobile phase consisting of 100 mM sodium acetate at a pH of 5.2 and 4% methanol
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(HPLC Grade) diluted in water passed through C18 Sep-Pak cartridges (Waters Corp.,
Milford, MA) was utilized to elute the nucleosides from the column. The mobile phase
was filtered using 0.2 μm nylon filters and degassed by sonication before use with the
HPLC. Potentials of the four coulometric analytical cells of the CoulArray system placed
in series were as follows: 50, 125, 175, 200, 250, 380, 500, 700, 785, 850, 890, and
900 mV. Calibration curves were generated from standards of 2-dG ranging from 100 ng
to 2 μg (0.350–7.01 nmol) and 8-OHdG (Cayman Chemical Company, Ann Arbor, MI)
ranging from 5 to 100 pg (17.6–353 fmol). The calibration curve for 8-OHdG was
created based on the peak area of the 8-OHdG standard, eluting at 9.0 min, in the 250 mV
channel. The calibration curve for 2-dG was created based on the sum of peak areas of
the 2-dG standard, eluting at 7.8 min, in the 850, 890, and 900 mV channels. The
electrochemical cells were allowed to equilibrate and wake up standards (three times the
highest concentration of calibration standards) were injected before calibration standards
as suggested by ESA in order to obtain highest sensitivity. The amount of 8-OHdG and
2-dG was calculated by comparing the peak area and sum of peak areas, respectively,
from the 10 μl injection of reconstituted enzymatic hydrolysate of the DNA sample with
the calibration curves for 8-OHdG and 2-dG. Levels of 8-OHdG in the samples were
expressed relative to the content of 2-dG [e.g. the molar ratio of 8-OHdG to 2-dG (fmol
of 8-OHdG/nmol of 2-dG)]. Data were recorded, analyzed, and stored using CoulArray
for Windows data analysis software (ESA Inc., Chelmsford, MA).

Determination of Urinary 8-OHdG Levels
The Determination protocol of urinary 8-OHdG levels in this study was the same
as that in Project I.
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Determination of Proteinuria and Specific Gravity
Urinary total protein concentration was determined using a colorimetric assay
(BioAssay Systems, Hayward, CA). Urinary specific gravity was determined with a
refractometer (ATAGO, Bellevue, WA) in order to evaluate the subjects’ hydration status
over the experimental period.

3.2.3 Project III
All testings consisting of three consecutive days were conducted in a Fire Camp
during August, 2006. All participants were assigned at random to consume two kinds of
military-based foods per day consisting of either First Strike Ration (FSR; 2,864 kcal,
377 g Carbohydrate, 91 g protein) or two Meals Ready to Eat (MRE; 2,620 kcal, 358 g
Carbohydrate, 84 g protein) for 3 consecutive days. Based on their diet logs and
collection of eaten and uneaten food wrappers, food intake was assessed and caloric
intake will be determined. Work-shift physical activity was determined by accelerometer
(ActiCal®, Respironics, Inc.) during 3 consecutive days. Body weight and specific
gravity were measured to observe each individual’s hydration status over the three days
of the work-shift (Helzer-Julin et al., 1988; Ruby et al., 2003). Spot urine specimens
were collected at Pre and Post in both Day 1 and Day 3 in order to analyze proteinuria,
including total protein, albumin, β2-microglobulin, N-acetyl-β-D-glucosaminidase (NAG;
only Day 1-Pre and Day 3-Post), and creatinine. All participants were subsequently
divided into the minimal body weight loss group (LOW-BWL) and high body weight loss
group (HIGH-BWL), based on the 3-day average of the percent body weight loss during
the experimental period.
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Urinary Collection and Body Weight Measurement
In order to reduce the variability of the excreted analyte induced by diurenal
rhythms, spot urine was based on the collection of the second morning urine sample
when short sampling periods were taken into consideration (Jung, 1991). Urinary
samples were taken at pre-work-shift and at post-work-shift over three consecutive work
periods. All urine samples were immediately frozen on dry-ice and transferred to –80°C
storage for later quantification of proteinuria. Following complete emptying of the
bladder, body weight was digitally measured on a calibrated scale.

Determination of Physical Activity using Accelerometer
To determine work activity over three consecutive days, the ActiCal® actigraphy
units (MiniMitter, Bend, OR) were used as described by Cuddy et al. (2007). The units
were placed on a white foam core square (~7.6 cm x 7.6 cm) to maintain them securely
and prevent damage to the unit. In the left chest pocket of each subject’s Nomex® fire
shirt, the accelerometer was secured to evaluate total body activity and movement. Due
to the frequent use of upper body work and consistently having to carry a pack, the
location of chest pocket has been validated for actigraph placement to determine arduous
work during wildfire suppression (Heil, 2002). Activity was described as counts per
minute (counts⋅min-1).

Determination of Proteinuria and Specific Gravity
The determination protocol of urinary proteinuria was the same as that in Project
I. Urinary specific gravity was determined using a refractometer (ATAGO, Bellevue,
WA) in order to evaluate the subjects’ hydration status over three consecutive days.
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3.3 Statistical Design
3.3.1 Project I
A Student’s dependent t-test was used to determine any significant differences in
all proteinuria markers (pre vs. post race). One-way Analysis of Variances (ANOVA)
with repeated measures was performed to detect any significant differences for markers
associated with whole body DNA oxidation. Pearson’s product moment correlation was
used to describe the relationship between urinary measures of 8-OHdG and creatinine.
The overall alpha levels were set at p≤ 0.05. All data are shown as mean±SD.

3.3.2 Project II
A two-way (2 sessions × 7 time points) Analysis of Variances (ANOVA) with
repeated measures (0 between, 2 within) and another two-way (2 diet groups × 7 time
points) ANOVA with a mixed design (1 between, 1 within) were performed to detect any
significant differences in all dependent variables. When significance was observed, the
location of the difference was determined using the Tukey’s post hoc test. The Pearson’s
correlation coefficient was computed between urinary creatinine, 8-OHdG, and specific
gravity. The acceptable level of statistical significance was set at p≤ 0.05. All results are
described as mean ± SD.

3.3.3 Project III
A two-way (group x time) Analysis of Variance (ANOVA) with mixed design (1
between, 1 within) was used to determine any significant differences in all dependent
variables regarding total caloric intake, activity, and proteinuria markers. Pearson’s
correlation coefficient was computed between percent changes (Day 1-Pre vs. Day 3-
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Post) in proteinuria and hydration markers and between urinary creatinine and specific
gravity after all workshifts. Furthermore, Pearson’s correlation coefficient with linear
regression analysis was calculated to evaluate the relationship between % body weight
change (Day 1-Pre vs. Day 3-Post) and all dependent variables related to proteinuria at
Day-3 Post work-shift. The overall significances were established at p<0.05. All data
are shown as mean±SD.
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ABSTRACT
The purpose of this study was to determine alterations in whole body DNA
oxidation and proteinuria induced by successive triathlons accompanied by long-term
training in a triathlete. A trained male triathlete (age: 38; height 185.4 cm; body weight:
78.8 kg) completed four successive triathlons (in order, races A, B, C, and D). The races
A and C consisted of half-Ironman distance (1.9 km swim, 90 km bike, 21.1 km run) and
races B and D full-Ironman distance (3.8 km swim, 180 km bike, 42.1 km run). For all
races, 24-hour urine output was collected on the day before (Pre) and after the race (Day
1) to evaluate exercise-induced proteinuria. For races B, C, and D, 24-hour urine output
was collected on the day before the race and days 1, 2, and 4 post-race to determine
exercise-induced DNA damage accounted for urinary 8-hydroxy-2’-deoxygunosine (8OHdG). One-way Analysis of Variance (ANOVA) revealed significant increases in
urinary 8-OHdG at Day 1 compared with Day 4. This demonstrated that 8-OHdG
excretion tended to be higher during Day 1 post-race gradually returning to the baseline
around Day 4. Similar patterns of urinary 8-OHdG concentrations were observed among
three races (races B, C and D) regardless of distance. There were also similar patterns of
proteinuria (total protein, albumin, N-acetyl-β-D-glucosaminidase, creatinine) at Pre and
Day 1 in all four races (races A, B, C, and D). These observations indicate limited
accumulative effects of whole body DNA oxidation based on the transient changes in
urinary 8-OHdG excretion after successive races. This may in part be related to an
enhanced antioxidant capacity in a trained individual.

Key words: oxidative stress, 8-hydroxy-2’-deoxyguanosine, renal function, hydration,
strenuous exercise

66

Introduction
Exercise appears to augment the generation of reactive oxygen (ROS) and
nitrogen species (RNS) in vivo as a function of exercise-induced oxidative stress (Davies
et al., 1982). The electron transport chain in the mitochondria is considered to be a major
ntracellular site associated with ROS and RNS generation during exercise (Okamura et
al., 1997; Radak et al., 1999). Exercise-induced ROS and RNS can increase DNA strand
breaks and modifications to the bases (Van Remmen et al., 2003). A commonly used
oxidative DNA damage marker is 8-hydroxy-2’-deoxyguanosine (8-OHdG)(Loft et al.,
1992; Shigenaga et al., 1989). Specifically, urinary 8-OHdG excretion is regarded to
reflect the integrated rate of oxidative DNA damage and repair at the whole body level
(Loft et al., 1992; Shigenaga et al., 1989). Previous studies regarding strenuous exercise
have demonstrated increased urinary 8-OHdG concentrations after road cycling (Almar et
al., 2002), marathon (Tsai et al., 2001), super-marathon running (Radak et al., 2000), 8-d
running training camp (Okamura et al., 1997), and 30-d physical training (Poulsen et al.,
1996). In contrast, others report no alterations following habitual long-distance running
(Pilger et al., 1997), after swimming and running (Inoue et al., 1993), and progressive
resistance training (Rall et al., 2000).
With regard to the exercise-induced adaptive responses, repeated exercise and
training are considered to enhance antioxidant defense and repair mechanisms in vivo
(Niess et al., 1996; Hartmann et al., 1994). According to Radak et al. (2003), regular
training appears to augment repairing systems as evidenced by the up-regulation of DNA
repair enzymes including human 8-oxoguanine DNA glycosylase1 (hOGG1) and
oxidized purine-nucleoside triphosphatase (hMTH1) to protect against exercise-induced
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DNA damage. This observation can result in an exercise-induced adaptation process
(Radak et al., 2003).
Previous studies have shown exercise-induced DNA oxidation in a variety of
endurance exercise such as ultra-marathon (Radak et al., 2000) and short-course triathlon
(Hartmann et al., 1998). Triathlon is one of the unique endurance exercise events,
composed of swimming, cycling and running, which originated as the Hawaii Ironman
Triathlon in 1978 (van Rensburg et al., 1986). Hartmann et al. (1998) demonstrated no
increase in urinary 8-OHdG excretion up to Day 5 post-exercise after a short-course
triathlon. In addition, Palazzetti et al. (2003) observed no change in leukocyte DNA
damage in triathletes after a 4-week period of training. Although it remains unclear how
repeated exercise and training may influence oxidative DNA damage, to our knowledge,
there are no data associated with the long-term training and competition on oxidatively
damaged DNA with regard to the half- and full-ironman distance triathlons.
Exercise is associated with an increase in urinary protein (Poortmans, 1985). It
has been reported that exercise-induced proteinuria depends on the intensity of exercise,
rather than the duration of exercise on the evidence of strong correlation between lactate
and proteinuria (Poortmans, 1988). Urinary total protein excretion is considered to be a
combination of glomerular permeability, tubular leakage, tubular secretion, and normal
urinary protein excretion by the kidneys (Newman et al., 2000). In addition to it, urinary
albumin (a high-molecular-weight protein) excretion mainly reflects glomerular
permeability (Newman et al., 2000). β2-microglobulin (a low-molecular-weight protein)
is freely filtered at the glomerulus and reabsorbed by the renal proximal tubule (Miyai
and Ogata, 1990; Yaguchi et al., 1998). N-acetyl-β-D-glucosaminidase (NAG), a
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lysosomal enzyme derived from proximal tubular cells, is a sensitive marker of renal
tubular disturbance (Miyai and Ogata, 1990; Yaguchi et al., 1998). Thus, increased
urinary excretion of β2-microglobulin and NAG is referred to as common markers of
tubular dysfunction (Miyai and Ogata, 1990; Yaguchi et al., 1998).
In terms of the observation using aforementioned proteinuria markers, there are
previous reports regarding the effects of strenuous exercise on proteinuria. For example,
several studies indicate that strenuous exercise appears to acutely induce renal
dysfunction but does not cause chronic to glomerular and tubular function (Miyai and
Ogata, 1990) as urinary protein excretion usually returns to the baseline within 24-48
hours (Poortmans, 1985). With respect to triathlon events, some studies have shown
transient effects on renal function (Edes et al., 1990; Farber et al., 1987). Moreover,
Yaguchi et al. (1998) reports the effect of short-course triathlon on urinary enzyme and
protein excretion. These results demonstrated that glomerular damage appears to persist
in some individuals who perform strenuous exercise. However, whether there are
cumulative effects after repeated triathlon events remains elusive.
Therefore, the purpose of this study was to determine alterations in whole body
DNA oxidation and proteinuria induced by successive triathlons which was accompanied
by long-term training in a triathlete. It was hypothesized that urinary 8-OHdG and
protein concentrations would be increased after each race, while the excretion pattern of
urinary 8-OHdG and protein concentrations would be similar over four consecutive half
and full Ironman races regardless of race duration. Furthermore, we hypothesized that
there would be no cumulative effects on urinary 8-OHdG and protein concentrations over
successive triathlon events.
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Methods
Subject
A trained male triathlete served as the subject for four successive triathlons over a
two-year training cycle. The experimental triathlon events consisted of the race A (halfIronman), race B (full-Ironman), race C (half-Ironman) and race D (full-Ironman). Table
1 depicts physical and physiological characteristics of the subject before race A (initial
race) and after race D (last race). Table 2 describes the race information and
experimental conditions. As numerous studies have shown dramatically decreased body
weight after triathlon events (Farber et al., 1987, 1991), the measurement of body weight
in the races B and C was not considered. However, the evaluation of body weight before
and after the race A and D were taken into account in order to determine cumulative
effects on physiological conditions. The physical characteristics of the subject in the race
A has been reported in a different collaborative study related to muscle glycogen
depletion and resynthesis (Gillum et al., 2006). All protocols conformed to the standards
set forth by the Declaration of Helsinki and approved by the Institutional Review Board
of The University of Montana.

Experimental design
As the present study was carried out to demonstrate more closely what occurs
during actual competition, the dietary intake before, during, and after each race was based
on ad libitum food or fluid intake (Farber et al., 1991).

Training Volume
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With regard to training volume, the subject recorded time spent in each of the
three sections such as swimming, cycling and running involved in the triathlon as
described by Margaritis et al. (1997). Training volume was recorded in min per week for
each section (Figure 1). The first training session (9 months training period) was from
January 1st, 2005 to the race A and the second training session (6 months training period)
was after January 1st, 2006 to the race B. Furthermore, the third training session (4
months training period) continued by the end of the race D. However, subject did not
have any intense training up to four days after each race was completed.

Exercise Testing
Exercise testing was carried out within two weeks before the race A and after the
⋅ O peak) were
race D. Ventilatory threshold (Tvent) and peak oxygen uptake (V
2
determined with an electronically braked cycle ergometer (Velotron, Seattle, WA) and
motorized treadmill (Quinton treadmill, Seattle, WA) to evaluate the subject’s fitness
level at the beginning and the end of successive races (Table 1). During the exercise test,
expired gases were collected and analyzed at 15-second intervals using a calibrated
metabolic cart (Parvomedics, Inc., Salt Lake City, UT) which was calibrated with a 3L
calibration syringe and medical gases of known concentrations (15.2%O2, 5.17%CO2,
N2-balance).

Urinary Sample Collection and Biomarkers
For all races (races A, B, C, and D), 24-hour urine output was collected on the day
before (Pre) and after the race (Day 1) to evaluate exercise-induced proteinuria. In the
present study, the markers of proteinuria included total protein, albumin, β2-
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microglobulin, N-acetyl-β-D-glucosaminidase, and creatinine. Urinary samples for the
markers of proteinuria were kept frozen at –80°C until subsequent analysis.
For races B, C, and D, 24-hour urine output was collected on the day before the
race and days 1, 2, and 4 post-race to determine exercise-induced whole body DNA
oxidation from measured values of urinary 8-OHdG excretion. As the urinary samples in
the race A was not sufficiently stored to analyze 24-h urinary 8-OHdG excretion, only
races B, C, and D were chosen to determine urinary 8-OHdG excretion. Urine specimens
for urinary 8-OHdG analysis were adjusted to the pH of 4-5 by the addition of 2 M HCl
and 15 ml aliquots of urine were stored frozen at –20°C (Germadnik et al., 1997).

Determination of Urinary 8-OHdG Levels
The determination of urinary 8-OHdG levels was based on a modification of
Germadnik et al. (1997) using high-performance liquid chromatography with
electrochemical detection. Each urinary sample had at least one freeze-thaw step and was
centrifuged at 1500 g for 5 min before precipitates were removed. The supernatant
underwent a cleanup procedure by solid-phase extraction. The Bond Elut solid-phase
extraction columns C18/OH (C18/OH, 500 mg, 3 ml; Varian Inc., Lake Forest, CA) were
preconditioned with 10 ml of methanol, 5 ml of water and 10 ml of 50 mM KH2PO4, pH
7.5 (buffer A). A 2-ml volume of urine premixed with 1 μl of 8OHdG standard (1
mg⋅ml-1) was applied to the first column. The column was washed with 3 ml of buffer A
and 3 ml of 5% methanol in buffer A. 8-OHdG was eluted with 3 ml of 15% methanol in
buffer A. The eluate then was diluted with 5 ml of water, mixed and applied to another
conditioned C18/OH column. The column was dried under vacuum and the absorbed
material was eluted with 1.5 ml of 20% methanol in buffer A. To remove methanol, the
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samples were evaporated for 1.5 h in a SpeedVac® Concentrator SVC200H (Savant,
Holbrook, NY) and subsequently filled up with buffer A to give a final volume of 1.5 ml.
As described by Bolin et al. (2004), urinary 8-OHdG was subsequently analyzed
by HPLC with a reverse phase YMCbasic column (4.6 mm × 150 mm; particle size
3 μm)(YMC Inc., Wilmington, NC) and quantified using a CoulArray electrochemical
detection system (ESA Inc., Chelmsford, MA). An isocratic mobile phase containing
100 mM sodium acetate, pH 5.2, 4% methanol (HPLC Grade) diluted in water passed
through C18 Sep-Pak cartridges (Waters Corp., Milford, MA) was prepared to elute the
nucleosides from the column. Prior to running the HPLC, the mobile phase was filtered
using 0.2 μm nylon filters. Potentials of the four coulometric analytical cells of the
CoulArray system placed in series were as follows: 50, 125, 175, 200, 250, 380, 500,
700, 785, 850, 890, and 900 mV. Based on the peak area of the 8-OHdG standard eluting
at 9.0 min in the 250 mV channel, the calibration curve for 8-OHdG was demonstrated.
In order to obtain highest sensitivity, the electrochemical cells were activated by
equilibrating and waking up standards (three times the highest concentration of
calibration standards) and were injected to the HPLC. The amount of 8-OHdG calculated
using the peak areas from the 10-20 μl injection of the prepared elute. Data were
eventually analyzed using CoulArray software for Windows (ESA Inc., Chelmsford,
MA).

Determination of Urinary Proteinuria and Specific Gravity
Total protein was based on an improved coomassie blue G method and
spectrophotmecally determined (BioAssay Systems, Hayward, CA). Albumin (Alpha
Diagnostic International, San Antonio, TX) and the β2-microglobulin (ALPCO
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Diagnostics, San Antonio, TX) was tested on the enzyme-linked immunosorbent assay,
respectively. The N-acetyl-β-D-glucosaminidase (Roche Applied Science, Indianapolis,
IN) and creatinine (Stanbio Laboratory, Boerne, TX) was determined using the
colorimetric assay, respectively. To evaluate the subject’s hydration status before and
after each race, urinary specific gravity was determined with a refractometer (ATAGO,
Bellevue, WA).

Statistical Procedure
A Student’s dependent t-test was used to determine any significant differences in
all proteinuria markers (pre vs. post race). One-way Analysis of Variances (ANOVA)
with repeated measures was performed to detect any significant differences for markers
associated with whole body DNA oxidation by using a computerized statistical package
(Statistica V5.1, Statsoft, Tulsa, OK). Pearson’s product moment correlation was used to
describe the relationship between urinary measures of 8-OHdG and creatinine. The
overall alpha levels were set at p≤ 0.05. All data are shown as mean±SD.

Results
Body weight was decreased in response to race A (78.8 and 74.9 kg for pre and
post race, respectively). Body weight returned to 76.3 kg at 4h post-race and reached
77.7 kg at 18 h post-race. In the race D, subject’s body weight demonstrated a more
substantial decrease (78.6 and 72.7 kg for pre and post race, respectively). Body weight
returned to 75.1 kg at 13 h post race.
One-way Analysis of Variances (ANOVA) with repeated measures revealed a
significant difference at Day 1 compared to Day 4 in urinary 8-OHdG excretion (ng⋅ml-
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1

)(main effect for time, p≤0.05; Figure 2A), which demonstrated that 8-OHdG excretion

tended to be higher during day 1 post-race and gradually returned to the baseline around
day 4. However, no statistical differences were found in 8-OHdG excretion when
expressed relative to creatinine concentration (ng⋅mg creatinine-1) over successive
triathlon events (Figure 2C). However, there was a strong correlation between 8-OHdG
and creatinine excretion (r2=0.748, p<0.05; Figure 2F). These similar patterns of urinary
8-OHdG excretion were observed among three races regardless of distance (Figure 2).
With or without a creatinine-adjustment, significant increases in all markers of
proteinuria markers except β2-microglobulin were noted at Day 1 (p<0.05; Figure 3).
Except for β2-microglobulin, similar patterns of proteinuria (total protein, albumin, Nacetyl-β-D-glucosaminidase) between Pre and Day 1 were observed in all four races
regardless of duration (Figure 3). Increased urinary creatinine excretion and specific
gravity were found at Day 1 compared with Pre (P<0.05, Figure 4A and 4B).
Furthermore, urinary creatinine excretion was highly correlated with urinary specific
gravity (r2=0.921, p<0.001, Figure 4C).

Discussion
Exercise-induced DNA Damage
The main finding in the present study was that a trained male triathlete
demonstrated acute changes in urinary markers of whole body DNA oxidation after each
triathlon race. However, there were no patterns that demonstrated cumulative effects
over the two-year period of training/competition. Moreover, the patterns of exerciseinduced proteinuria were also similar regardless of either half- or full- Ironman triathlon.
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With regard to exercise-induced DNA damage, there are conflicting observations
using in vivo models. It has been shown that DNA oxidation and changes in urinary 8OHdG excretion are induced by long-distance strenuous sports events such as ultramarathon running (Radak et al., 2000) and road cycling (Almar et al., 2002). In contrast,
some studies observed no significant changes in urinary 8-OHdG excretion after
swimming and running (Inoue et al., 1993) or habitual long-distance run training (Pilger
et al., 1997). Hartmann et al. (1998) examined the effects of a short-course triathlon on
oxidative DNA damage. The authors reported no alterations of urinary 8-OHdG before
and after exercise (up to 4 days post). In the present study, urinary 8-OHdG excretion
(ng⋅ml-1) tended to increase on Day 1 post-race and return to the baseline by Day 4 for all
three races despite the differences in race duration.
With respect to cumulated effects, the pattern of alterations in urinary 8-OHdG
for all three successive races agrees with previously observed changes during an 8-d
training camp (Okamura et al., 1997) and during 30-d period of physical training
(Poulsen et al., 1996). In those studies, there were no accumulated effects on oxidative
DNA damage, while an increase of urinary 8-OHdG was found as long as the exercise
was repeated. One possible reason why cumulative effects were not observed may in part
be due to adaptive responses induced by long-term regular training, which enhances
endogenous antioxidant defense and DNA repairing systems to prevent against exerciseinduced DNA damage (Hartmann et al., 1998; Inoue et al., 1993; Radak et al., 2003).
Data demonstrated by previous studies do not show a consistent increase in
oxidative DNA damage induced by long-term strenuous exercise. Discrepancies could in
part stem from the method performed to describe urinary 8-OHdG excretion. The urinary
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8-OHdG is commonly standardized with creatinine excreted in the urine in both spot and
24-h urine collection at the steady-state level (Loft and Poulsen, 2000) and before and
after prolonged exercise (Hartmann et al., 1998). In the present study, amount of urinary
creatinine excretion based on 24-h urine collection was increased at Day 1 post-exercise.
An increase in the creatinine excretion into the urine is commonly caused by an increase
in the breakdown of skeletal muscle, other tissue breakdown or an enhanced muscle
metabolism (Okamura et al., 1997). Some studies have shown the urinary 8-OHdG
relative to body weight loss (Almar et al., 2002; Okamura et al., 1997). In contrast,
Radak et al. (2000) have demonstrated urinary 8-OHdG excretion (ng⋅ml-1) based on 1218h urine collection. In the present study, the body weight of the subject dramatically
changed after each triathlon event and it has been suggested that this change results from
dehydration, energy metabolism turnover, and potentially muscle tissue degradation
(Almar et al., 2002; Okamura et al., 1997). As a result, changes in post-race urinary
creatinine excretion may result from several factors. This evidence is strongly supported
by previous triathlon studies (Farber et al., 1987; Margaritis et al., 1997). Taken together,
it appears that the correction procedure with either creatinine or body weight for 24-h
urinary 8-OHdG can only be used when urinary creatinine excretion or body weight
remains relatively constant (Almar et al., 2002; Okamura et al., 1997). Therefore, our
findings in the present study demonstrate an acute increase in urinary 8-OHdG excretion
(ng⋅ml-1) following successive half- and full-triathlon events.

Exercise-induced Proteinuria
The post-exercise proteinuria highly correlates to the intensity of exercise, rather than
the duration of exercise, as evidenced by the strong correlation between lactate and
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proteinuria (Poortmans et al., 1988). According to Poortmans (1985), there are three
main variables associated with protein excretion, which are glomerular permeability,
tubular reabsorption, and disposal of the absorbed proteins. In terms of exercise, the
renal vascular system is constricted (vasoconstriction), which results in an increase in the
glomerular permeability and filtration fraction (Gunton and Burton, 1947; Poortmans,
1985). These in turn increase plasma protein infiltration, and decrease reabsorption of
proteins in the tubular cells, resulting in an elevated urinary excretion of proteins (Miyai
and Ogata, 1990). The augmented glomerular permeability and/or impaired tubular
reabsorption appeared to cause exercise-induced proteinuria as a result of largely
excreted high-molecular-weight proteins (e.g., albumin) in the urine (Khoury et al., 1983;
Poortmans, 1985). In contrast, larger amount of low-molecular-weight (e.g., β2microglobulin) proteins can be recognized in the urine when tubular function is disturbed
(Khoury et al., 1983; Poortmans, 1985). In line with those observations, it has been
reported that urinary protein excretion returns to normal within 24-48 hours (Poortmans,
1985). In addition, exercise-induced proteinuria has been considered to be transient and
reversible phenomenon, which do not lead to renal disease (Campanacci et al., 1981).
Although numerous studies examined the effects of strenuous exercise on proteinuria,
our research interest was to clarify whether or not there are cumulative effects before and
after successive triathlon events associated with a long-term training. Our results in the
present study confirms previous observations that long-term strenuous exercise is
accompanied by a transient impairment of renal function (Farber et al., 1987; Yaguchi et
al., 1998), which appears to be similar regardless of triathlon race duration. In the current
study, urinary total protein was selected to determine a combination of glomerular and
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tubular function in the kidney (Newman et al., 2000). Furthermore, albumin, the most
abundant protein in the urine, was also chosen as a marker of glomerular permeability
(Newman et al., 2000). β2-microglobulin and NAG were used as common markers of
tubular dysfunction (Miyai and Ogata, 1990; Yaguchi et al., 1998). β2-microglobulin is
smoothly filtered at the glomerulus and almost completely reabsorbed by the renal
proximal tubule (Miyai and Ogata, 1990; Yaguchi et al., 1998). When the filtered
amounts of low-molecular-weight protein surpasses the ability of reabsorption in the
tubules, the protein such as β2-microglobulin increases (Miyai and Ogata, 1990; Yaguchi
et al., 1998). NAG is a lysosomal enzyme derived from proximal tubular cells and it
does not pass through the intact glomerulus (Miyai and Ogata, 1990; Yaguchi et al.,
1998). In the present study, the amount and pattern of proteinuria accounted for most
aforementioned markers were similar over four successive triathlon events. Although no
significant increase or similar pattern was observed in β2-microglobulin for all races,
there was a trend for it to be increased after the full-triathlon compared to half-triathlon.
Taken together, the augmented values of the proteinuria markers may describe acute
functional disturbance of the kidney, but not be a chronic glomerular and tubular damage
(Miyai and Ogata, 1990; Yaguchi et al., 1998).
In conclusion, our findings in the present study indicate that no cumulative effects
of oxidative DNA damage accounting for urinary 8-OHdG after successive races and
training may be due to sufficient antioxidant buffering capacity in a trained individual,
associated with the up-regulation of DNA repair systems to prevent against oxidative
DNA lesions. Moreover, the amount and pattern of proteinuria excretion appears to be
similar regardless of a half- or full-ironman race. However, further research will be

79

required to clarify the ‘threshold’ (e.g., exercise duration, intensity and frequency) to
induce oxidative damage to DNA and renal dysfunction derived from long-term heavy
exercise and training.
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Table 1. Physical and physiological characteristics of the subject
Characteristic
Before race A
After race D
Age (yr)
38
39
Height (cm)
185.4
185.4
Body weight (kg)
78.8
76.4
-1
VO 2 peak (l·min )
Bicycle
4.83
4.92
Treadmill
4.92
5.40
Tvent (l·min -1)
Bicycle
3.01
3.84
Treadmill
3.42
4.20
VO 2 peak= peak oxygen uptake, Tvent= ventilatory threshold
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Table 2. Conditions and finishing time for succesive races
Record
Race A
Race B
Race C
Race D
Date
9/17/2005
6/25/2006
9/16/2006
10/21/2006
Type
Half-Ironman
Full-Ironman
Half-Ironman
Full-Ironman
Altitude (m)
400 m
Sea level
400 m
Sea level
Ambient temperature (°C)
14-23
12-31
18-29
28-32
Humidity (%)
28-97
21-82
21-47
67-79
Swim
33 min 33 sec 1 h 8 min 13 sec
33 min 23 sec 1 h 15 min 51 sec
Bicycle
2 h 43 min 11 sec
5 h 12 min 6 sec 2 h 34 min 45 sec 5 h 19 min 40 sec
Run
1 h 28 min 40 sec
3 h 33 min 9 sec 1 h 27 min 51 sec 3 h 55 min 29 sec
Total*
4 h 48 min 53 sec 9 h 58 min 43 sec 4 h 38 min 45 sec 10 h 40 min 16 sec
Half-Ironman= Swim 1.9 km, Bicycle 90 km, and 21 km; Full-Ironman= Swim 3.8 km, Bicycle 180 km,
and Run 42 km. *Total time includes transition time.
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Swim
1200
1100
1000
900
800
700
600
500
400
300
200
100
0

TS 1

Bicycle

TS 2

TS 3

Training Session

Figure 1.
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Run

TS 3

Average

A

Race C

Race B

5

Average

C
Race D

Race D

Race C

Race B

275
250

4

225
200

3

175

*

2

150
125

1
0

PRE

DAY1

DAY2

100
80
0

DAY4

PRE

DAY1

Time

B

E

Race D

Race C

Race B

5.0
2.5

PRE

DAY1

DAY2

DAY4

PRE

DAY1

Time

Race C

Race B

250

DAY2

DAY4

Time

F

Race D

5

200

r2=0.7476, p<0.001

4

*

*

3

100

2

50

1

0

Race D

Average

D

150

Race C

Race B

5500
5000
4500
4000
3500
3000
2500
2000
1500
1000
500
0

7.5

0.0

DAY4

Average

Average

10.0

DAY2

Time

PRE

DAY 1

DAY 2

0

DAY 4

0

50

100

150

Creatinine (mgįdL -1)

Time

Figure 2.
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200

250

Average

A

Race A

Race C

Race B

Race D

50

Average

250

*

40

200

30

150

20

100

10

50

0

PRE

0

DAY1

Average

40

Race A

Race C

Race B

Race D

F

PRE

Average

20

*

15

20

10

10

5

PRE

C

Average

0

DAY1

Race C

Race B

Race D

DAY1

Time

Race A

Race C

Race B

Race D

G

Average

Race A

Race C

Race B

Race D

60
50
40
30
20
10

PRE

Average

9
8
7
6
5
4
3
2
1
0

Race A

PRE

0

DAY1

PRE

Time

D

DAY1

*

Time

110
100
90
80
70
60
50
40
30
20
10
0

Race D

Time

30

0

Race B

*

Time

B

Race C

Race A

E

Race C

Race A

H

Race D

Race B

Average

Race A

Race C

Race B

Race D

45
40
35
30
25
20
15

*

PRE

DAY1

Time

10
5
0

DAY1

Time

*

PRE

DAY1

Time

Figure 3.
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Average

A

Race A

Race C

Race B

Race D

250

*

200
150
100
50
0

PRE

DAY1

Time

B

Average

1.035

Race A

Race C

Race B

Race D

*

1.030
1.025
1.020
1.015
1.010
1.000
0.000

PRE

DAY1

Time

C

r2=0.9214, p<0.001

1.035
1.030
1.025
1.020
1.015
1.010
1.005
1.000
0.000

0

50

100

150

200
-1

Urinary Creatinine (mgįdL )

Figure 4.
89

250

Figure Legends
Figure 1. Average of training volume described as minutes per week. TS stands for
training session. The first (TS1), second (TS2), and third (TS3) training sessions
consisted of 9, 6, and 4 months training period, respectively. The race C was held during
the third training session (TS3). All data are described as mean±SD.
Figure 2. Exercise-induced DNA oxidation. (A) Urinary 8-OHdG concentration (ng⋅ml1

) and (B) (μg⋅day-1); (C) urinary creatinine concentration (mg⋅dl-1); (D) urinary 8-OHdG

with the creatinine-adjustment; (E) urinary volume (ml⋅day-1); (F) relationship between
urinary creatinine (mg⋅dl-1) and 8-OHdG (ng⋅ml-1) before and after each race up to Day 4.
*Significantly different from Day 1 (one-way ANOVA, main effect for time; p<0.05).
All data are expressed as mean±SD.

Figure 3. Exercise-induced proteinuria for each triathlon event. (A) urinary total protein
concentration (mg⋅dl-1); (B) urinary albumin concentration (mg⋅l-1); (C) urinary β2microglobulin (μg⋅l-1); (D) urinary N-acetyl-β-D-glucosaminidase (NAG, U⋅dl-1); (E)
urinary total protein concentration (mg⋅g creatinine-1); (F) urinary albumin concentration
(mg⋅g creatinine-1); (G) urinary β2-microglobulin (μg⋅g creatinine-1); (H) urinary Nacetyl-β-D-glucosaminidase (NAG, U⋅g creatinine-1). *Significantly different from Pre
(p<0.05). All data are shown as mean±SD.
Figure 4. (A) Urinary creatinine (mg⋅dl-1); (B) urinary specific gravity (g⋅ml-1).
*Significantly different from Pre (p<0.05). All data are shown as mean±SD. (C) The
relation between urinary creatinine (mg⋅dl-1) and urinary specific gravity (g⋅ml-1).
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ABSTRACT
The main purposes of this study were to determine: 1) the effects of repeated
prolonged exercise on oxidative DNA damage and proteinuria in endurance athletes; 2)
whether or not adding fenugreek extract (FG) to carbohydrate feedings affects postexercise DNA damage and proteinuria. Seven trained individuals served as the subjects.
All participants repeated two identical sessions, consisting of the same exercise and data
collection processes. Each trial consisted of a 5 h cycling period followed by a 15h rest,
⋅ O peak), a
then a 40 km time trial. Prior to 5 h exercise at 52% of peak oxygen uptake (V
2
muscle biopsy sample was obtained from the vastus lateralis. A second muscle biopsy
sample was obtained immediately after exercise. At 2 hours after the second biopsy,
subjects ingested either an oral dose of dextrose (GLU)(1.8 g⋅kg BW-1) or GLU with FG
containing 1.99±0.20 mg⋅kg-1 4-Hydroxyisoleucine (GLU + FG) in a randomized, crossover, double blind design. At 4 hours post exercise, a third biopsy was taken and subjects
received a standardized solid meal along with FG or a placebo capsule. At 15 hours post
exercise, their final muscle biopsy was obtained before completing a simulated 40 km
cycling time trial. For each session, 24-hour urine output was collected on the day before
5 h exercise (Pre), between 5 h exercise and 40 km time trial (Intermediate), and days 1-5
post-exercise. Muscle and urinary levels of 8-OHdG and proteinuria were determined.
There were no significant differences between either sessions or diet groups in urinary 8OHdG. Urinary protein excretion was within a normal range between either sessions or
diet groups. These findings suggest that 5h of cycling exercise relative to moderate
intensity does not reach the threshold to induce oxidative DNA damage and proteinuria
for trained individuals.
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Key words: oxidative stress, 8-hydroxy-2’-deoxyguanosine, antioxidant supplement,
kidney function, apoptosis, endurance exercise

Introduction
There is accumulating evidence suggesting that exercise induces generation of
free radicals, reactive oxygen (ROS) and nitrogen species (RNS)(Davies et al., 1982;
Jackson et al., 1985). Numerous studies have demonstrated damage associated with ROS
and RNS in lipids, proteins, and DNA in tissues and blood from animals and humans
following different exercise procedures (Radak et al., 1997, 1999a). Mitochondria
abundant in the Type I fibers (slow twitch, oxidative) in the skeletal muscle appears to be
a major site for the generation of the ROS and RNS (Jackson et al., 1985; McArdle et al.,
2001).
It has been demonstrated that increased levels of 8-hydroxy-2’-deoxyguanosine
(8-OHdG) serve as a biomarker of oxidatively damaged DNA by ROS and RNS in the
mitochondria (Kasai end Nishimura, 1984; Loft et al., 1992). The magnitude of the
oxidative DNA damage appears to rely on the balance of free radical generation and the
capability of antioxidant systems (Sato et al., 2003). Repeated exercise and training are
considered to attenuate the oxidative stress by enhancing antioxidant defense mechanisms
including antioxidant enzymes such as superoxide dismutase, glutathione peroxidase,
glutathione reductase and catalase (Sato et al., 2003; Sen, 1995; Wang and Huang, 2005).
In line with those phenomena, DNA repairing enzymes such human 8-oxoguanine DNA
glycosylase1 (hOGG1) and oxidized purine-nucleoside triphosphatase (hMTH1) can be
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augmented after endurance exercise in order to protect against exercise-induced DNA
damage (Radak et al., 2003; Sato et al., 2003).
With regard to muscle 8-OHdG in humans, only one study has described
augmented 8-OHdG in quadriceps femoris muscle following a single bout of eccentric
exercise (Radak et al., 1999b). In contrast, some rat studies have reported attenuated 8OHdG levels in gastrocnemius muscle after 8 weeks of treadmill running (Radak et al.,
2002) and 9 weeks of swimming (Radak et al., 1999a). A canine study has shown no
changes of 8-OHdG levels in gastrocnemius muscle after 7 h of treadmill running
compared with the control group (Okamura et al., 1997). The excretion of urinary 8OHdG is considered to reflect the dynamics of oxidative DNA damage and repair from
all cells in vivo (Loft et al., 1992; Adelman et al., 1988; Shigenaga et al., 1989).
Concerning a single bout of exercise, previous studies have described increased urinary
⋅ O peak (Orhan et al., 2004),
8-OHdG excretion after 60 min of cycling exercise at 70%V
2
and following the completion of a running marathon (Alessio et al., 1993; Tsai et al.,
2001). In contrast, other reports have shown no alterations of the urinary 8-OHdG
excretion after 6 min of ‘all-out’ rowing exercise (Nielsen et al., 1995), a single bout of
intense exercise (treadmill run, cycle, and 20 km run)(Sumida et al., 1997a), incremental
maximal cycling exercise (Sumida et al., 1997b), and after 90 min of cycling exercise at
⋅ O peak over the 3 consecutive days (Viguie et al., 1993). Taken collectively,
65%V
2
although the changes of blood or urinary 8-OHdG are well documented, to date, there
have been no reports examining the alterations in muscle 8-OHdG or in comparison of
muscle with urinary 8-OHdG following acute or chronic endurance exercise in humans.
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Vitamin C, vitamin E, provitamin β-carotene, flavonoids, and polyphenols have
been referred to as the major antioxidant nutrients (Davison et al., 2005; Kaviarasan et
al., 2004). In terms of the effects of exercise with antioxidant supplementation on
oxidative DNA damage, there are conflicting results. For instance, a number of studies
dealing with antioxidant supplements demonstrate a decrease in DNA damage explained
by reductions in strand breaks (Hartmann et al., 1995; Mastaloudis et al., 2004) and lower
leukocyte 8-OHdG levels (Sacheck et al., 2003) after exercise. On the other hand,
several studies regarding antioxidants report unchanged urinary 8-OHdG (Sumida et al.,
1997a) and serum 8-OHdG (Bloomer et al., 2006), or increased DNA strand breaks
(Davison et al., 2005) after prolonged exercise. The seeds of fenugreek commonly used
in India and other Asian countries have received recent attention with regards to their
potential antioxidant qualities, which contain a higher amount of flavonoids as well as
polyphenols (Kaviarasan et al., 2004). Kaviarasan et al. (2004) have reported that
fenugreek seed protects the erythrocytes against hemolysis and lipid peroxidation in both
the normal and diabetic state, implying some health advantage against oxidant
compounds. However, whether or not repeated exercise with exogenous antioxidant
ingestion has a beneficial effect on attenuating oxidative DNA damage still remains
inconclusive.
The effects of exercise on proteinuria are well documented (Poortmans, 1985).
According to Poortmans (1985), post-exercise proteinuria is directly dependent on the
exercise intensity rather than its duration, which is supported by the strong correlation
between proteinuria and lactate (Poortmans, 1988). Previous studies reported postexercise proteinuria, which occurred following traumatic sports such as football (Coye
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and Rosandich, 1960) and baseball (Miyai and Ogata, 1990), and non-traumatic exercise
such as rowing (Poortmans, 1990), swimming (Poortmans, 1991), marathon running
(Irving et al., 1986) and triathlon (Farber et al., 1987). It has been reported that postexercise proteinuria returns to normal levels within 24-48 hours (Poortmans, 1985).
Thus, it has been proposed that intense exercise can acutely cause kidney dysfunction but
not chronically deleterious function (Miyai and Ogata, 1990). However, whether or not a
single bout of repeated, prolonged exercise may induce post-exercise proteinuria and its
cumulative effects is unclear.
The purposes of this study were to determine: 1) the effects of repeated prolonged
exercise on oxidative DNA damage and proteinuria in endurance athletes; 2) whether or
not acutely adding fenugreek extract to carbohydrate feedings affects post-exercise DNA
damage and proteinuria. It was hypothesized that there would be no differences in
urinary 8-hydroxy-2’-deoxyguanosine (8-OHdG) excretions between either sessions or
diet groups. Moreover, we hypothesized that urinary protein excretions would be higher
immediately after exercise but return to the baseline after 24-48 hours and the pattern of
urinary protein levels would be similar between either sessions or diet groups.

Methods
Subjects
Seven trained male cyclists served as the subjects. The descriptive characteristics
of the subjects are shown in Table 1. None of the subjects reported a history of regular
exogenous antioxidant supplementation or other drugs with antioxidant properties. All
participants provided written informed consent prior to the current study. The protocol of

96

the present study was reviewed and approved by the Institutional Review Board of The
University of Montana.

Preliminary Exercise Testing
With a graded exercise protocol (starting at 95 watts and increasing 35 watts
⋅ O peak) were
every three minutes), lactate threshold and peak oxygen uptake (V
2
determined using an electronically braked cycle ergometer (Velotron, RacerMate Inc.,
Seattle, WA). During the exercise testing, expired gases were collected and analyzed at
15-second intervals using a metabolic cart (Parvomedics, Inc., Salt Lake City, UT),
which was calibrated with a 3L calibration syringe and medical gases of known
concentrations (15.2%O2, 5.17%CO2, N2-balance).
⋅ O peak and lactate threshold were selected to evaluate the subjects’ fitness
V
2
⋅ O peak included achieving at least two of the following three
levels. The criteria for V
2
⋅O
criteria; a plateau in V
2, respiratory exchange ratio (RER) ≥ 1.1 and volitional
exhaustion. In terms of determination of the lactate threshold, finger-tip capillary blood
(20 µl) was obtained in the last 30 seconds of each 3-min stage during the incremental
test. Subsequently, bood lactate was determined using spectrophotometry (Milton Roy
Spectronic 401, Rochster, NY).

Body Composition Assessment
Using hydrodensitometry, body density was assessed and corrected for estimated
residual lung volume. Net underwater weights for each subject were recorded with a
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digital scale (Exertech, Dresbach, MN). Based on body density, percent body fat was
eventually computed with the Siri equation (Siri, 1993).

Experimental Design
All data were collected using a placebo controlled, double-blind crossover design.
The experimental design performed in the current study has been reported in our
collaborative study regarding post-exercise glycogen resynthesis (Slivka et al., 2007).
The placebo trial (GLU) consisted of feedings of dextrose (1.8 g⋅kg-1 body weight per
feeding) plus placebo capsules (micro crystallized cellulose). The experimental trial
(GLU + FG) was composed of feedings of dextrose (1.8 g⋅kg-1 body weight) and
fenugreek seed extract (Technical Sourcing International, Inc., Missoula, MT). The
schedule of the feeding during the two sessions was isocalorically identical for GLU and
GLU + FG trials. Trial order was allocated at random, which was counter-balanced with
at least seven days between each session.

Experimental Procedure
Figure 1 represents the schematic diagram of the experimental procedure in the
present study. All participants reported to the laboratory at 0730 on the day of the trial.
Each participant was instructed to consume a standard breakfast consisting of 2854
kilojoules of energy (16.5 g fat, 117.1 g carbohydrate, and 17.1 g protein). After
breakfast, the subjects settled down in the lab until 1000 to allow food to digest at which
time a needle muscle biopsy from the vastus lateralis was taken (Pre)(Slivka et al., 2007).
The subjects then performed 5-h cycling exercise at an intensity of 50% of their peak
⋅ O peak). During exercise, all the subjects were instructed to take
power output (52%V
2
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water ad libitum and to consume a standard sports drink consisting of 0.12 g⋅kg-1 body
weight⋅hr-1 of carbohydrate. Carbohydrate sources were consumed at the beginning of
⋅ O peak, expired
each hour. In order to monitor exercise intensity relative to individual V
2
gases were analyzed during the final ten minutes of each hour.
Immediately following the five hour cycling exercise bout, a second biopsy
specimen was taken from a separate incision made approximately 2 cm proximal to the
initial biopsy site on the same leg (Post). After two hours following the Post biopsy, each
subject took either GLU or GLU + FG. Four hours following the Post biopsy, a third
biopsy was carried out (4-h Post) at a separate site approximately 2 cm from the previous
incision. All subjects then consumed another dose of placebo or experimental capsules
along with a meal composed of 3707.0 kilojoules of energy (22.3 g fat, 134.5 g
carbohydrate, and 36.8 g protein). Subjects were allowed to ingest provided snacks
(3401±1661 kilojoules of energy), which were recorded so that the same snacks were
isocalorically consumed during the subsequent trial. Subjects stayed in the lab overnight
in order to closely control activity and diet.
On the next morning (15 hours after the completion of the 5 hour exercise bout), a
fourth muscle biopsy was performed (15-h Post) at a different incision made 2 cm
proximal from the previous biopsy. Continuously, a simulated flat 40km time trial was
carried out on the same Velotron cycle ergometer with RacerMate® custom course
software (RacerMate Inc., Seattle, WA).

Muscle Biopsies
Muscle biopsies were obtained from the vastus lateralis muscle of the same leg in
a randomized order for each trial (Slivka et al., 2007). Each successive biopsy specimen
99

on the same leg was taken from a separate incision 2 cm proximal to the previous biopsy.
Muscle samples were immediately immersed into liquid nitrogen after getting rid of any
excess blood, connective tissue or fat. The sample was eventually kept at –80°C for the
determination of muscle 8-OHdG.

Urinary Sample Collection
Twenty-four hour urine output was collected on the day before the 5-h
submaximal exercise and days up to 5 post-race to determine urinary 8-OHdG excretion,
a marker of whole body DNA oxidation. Fifteen-hour urine output was taken between 5h prolonged exercise and 40 km time cycling trial. By adding 2 M HCl, urinary samples
were adjusted to the pH of 4-5, and 15 ml aliquots were kept frozen at –20°C
(Germadnick et al., 1997).

Determination of Muscle 8-OHdG Levels
The determination of 8-OHdG levels in the muscle tissue was based on the
protocol previously described by Bolin et al. (2004). Analysis of the levels of 8-OHdG,
expressed as the ratio of 8-OHdG/2-deoxyguanosine (2-dG) was performed as follows. 8OHdG and 2-dG were resolved by HPLC with a reverse phase YMCbasic column (4.6
mm × 150 mm; particle size 3 μm)(YMC Inc., Wilmington, NC) and quantified using a
CoulArray electrochemical detection system (ESA Inc., Chelmsford, MA). An isocratic
mobile phase consisting of 100 mM sodium acetate, pH 5.2, 4% methanol (HPLC Grade)
diluted in water passed through C18 Sep-Pak cartridges (Waters Corp., Milford, MA)
was utilized to elute the nucleosides from the column. The mobile phase was filtered
using 0.2 μm nylon filters and degassed by sonication before use with the HPLC.
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Potentials of the four coulometric analytical cells of the CoulArray system placed in
series were as follows: 50, 125, 175, 200, 250, 380, 500, 700, 785, 850, 890, and
900 mV. Calibration curves were generated from standards of 2-dG ranging from 100 ng
to 2 μg (0.350–7.01 nmol) and 8-OHdG (Cayman Chemical Company, Ann Arbor, MI)
ranging from 5 to 100 pg (17.6–353 fmol). The calibration curve for 8-OHdG was created
based on the peak area of the 8-OHdG standard, eluting at 9.0 min, in the 250 mV
channel. The calibration curve for 2-dG was created based on the sum of peak areas of
the 2-dG standard, eluting at 7.8 min, in the 850, 890, and 900 mV channels. The
electrochemical cells were allowed to equilibrate and wake up standards (three times the
highest concentration of calibration standards) were injected before calibration standards
as suggested by ESA in order to obtain highest sensitivity. The amount of 8-OHdG and 2dG was calculated by comparing the peak area and sum of peak areas, respectively, from
the 10 μl injection of reconstituted enzymatic hydrolysate of the DNA sample with the
calibration curves for 8-OHdG and 2-dG. Levels of 8-OHdG in the samples were
expressed relative to the content of 2-dG [e.g. the molar ratio of 8-OHdG to 2-dG (fmol
of 8-OHdG/nmol of 2-dG)]. Data were recorded, analyzed, and stored using CoulArray
software for Windows (ESA Inc., Chelmsford, MA).

Determination of Urinary 8-OHdG Levels
By modifying a protocol of Germadnik et al. (1997), urinary 8-OHdG levels were
determined using high-performance liquid chromatography with electrochemical
detection. Each sample had at least one freeze-thaw step and was centrifuged at 1500 g
for 5 min before precipitates were removed. By solid-phase extraction, the supernatant
underwent a cleanup procedure. In the solid-phase extraction, the Bond Elut columns
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C18/OH (C18/OH, 500 mg, 3 ml; Varian Inc., Harbor City, CA, USA) were pretreated
with 10 ml of methanol, 5 ml of water and 10 ml of 50 mM KH2PO4, pH 7.5 (buffer A).
A 2-ml volume of urine premixed with 1 μl of 8OHdG standard (1 mg⋅ml-1) was applied
to the first column. The column was washed with 3 ml of buffer A and 3 ml of 5%
methanol in buffer A. 8-OHdG was eluted with 3 ml of 15% methanol in buffer A. The
eluate then was diluted with 5 ml of water, mixed and applied to another conditioned
C18/OH column. The column was dried under vacuum and the absorbed material was
eluted with 1.5 ml of 20% methanol in buffer A. Using a SpeedVac® concentrator
SVC200H (Savant, Holbrook, NY, USA), methanol in the samples were evaporated for
1.5 h and subsequently filled up with buffer A in order to give a final volume of 1.5 ml.
Subsequently, 20 μl of the prepared elute was injected into the HPLC system (ESA Inc.,
Chelmsford, MA).

Determination of Proteinuria and Specific Gravity
Urinary total protein concentration was determined using a colorimetric assay
(BioAssay Systems, Hayward, CA). Urinary specific gravity was determined with a
refractometer (ATAGO, Bellevue, WA) in order to evaluate the subject’s hydration status
over the experimental period.

Statistical Procedure
A two-way (2 sessions × 7 time points) Analysis of Variances (ANOVA) with
repeated measures (0 between, 2 within) and another two-way (2 diet groups × 7 time
points) ANOVA with a mixed design (1 between, 1 within) were performed to detect any
significant differences in all dependent variables. When significance was observed, the
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location of the difference was determined using the Tukey’s post hoc test with a
statistical package (Statistica V5.1, Statsoft, Tulsa, OK). The Pearson’s correlation
coefficient was computed between urinary creatinine, 8-OHdG, and specific gravity. The
acceptable level of statistical significance was set at p≤ 0.05. All results are described as
mean ± SD.

Results
Muscle 8-OHdG
No significant differences in the muscle 8-OHdG were observed between either
sessions or diet groups over the experimental time course (Figure 2-A and 2-B).

Urinary 8-OHdG
There were no significant differences between either sessions or diet groups in
urinary 8-OHdG excretion (ng⋅ml-1or ng⋅mg creatinine-1)(Figure 3-A, 3-B, 4-A, and 4-B).
However, a higher 8-OHdG was excreted at Pre between sessions (main effect for time,
p<0.05; Figure 3-C) when expressed relative to 24 h urinary volume, not between diet
groups (Figure 4-C). A significantly higher creatinine excretion was observed at Day 1
compared with Pre between either sessions or diet groups (a main effect for time, p<0.05;
Figure 3-E and 4-E). Urinary volume was significantly higher in Pre compared with
other time points (main effect for time, p<0.05; Figure 3-F and 4-F).
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Hydration Status
Urinary specific gravity was similar over the experimental period regardless of
either sessions or diet groups (Figure 3-D and 4-D), was and represented the well
hydrated (euhydration condition: ≤1.020; Armstrong et al. 1994).

Urinary Total Protein
Urinary total protein excretion was higher in Day 1 than Pre regardless of sessions
or diet (main effect for time, p<0.05; Figure 5-A and 5-C), while all values were within a
normal upper limit (<10 mg/dL or <150 mg/day; Helzer-Julin et al. 1988). Total protein
excretion when expressed relative to creatinine (Figure 5-B and 5-D) was also similar
between trials.

Correlation
There was a significant correlation between urinary creatinine and 8-OHdG
(r=0.261, p<0.05; Figure 6-A). Moreover, the strong correlations were found between
urinary creatinine and specific gravity (r=0.903, p<0.0001; Figure 6-B).

Discussion
The main results in the present study were that 5 h moderate intensity of exercise
did not induce exercise-induced DNA damage at either muscle or urinary level, paralleled
with no effects of acutely ingested antioxidant supplementation, fenugreek seed extract.
To our knowledge, this study was the first to measure oxidative DNA damage determined
by 8-OHdG at both the muscle and urinary level after repeated prolonged exercise in
humans. Post-exercise protein excretion was within a normal range over the
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experimental period, while higher excretion of urinary total protein was observed at Day
1 compared with Pre.

Tissue 8-OHdG
It has been suggested that exercise induces ROS and RNS generation in the
mitochondria, which leads to oxidative DNA damage in the skeletal muscle (Radak et al.,
2007). Previous studies have demonstrated the more prominent antioxidant capacity of
Type I fibers (slow twitch, oxidative) compared with that of Type II fibers (fast twitch,
glycolytic)(Ji et al., 1990; Radak et al., 1997, 2001). Some human studies have reported
that endurance exercise and training, accompanied with the more prominent involvement
of Type I fibers, promotes the prevention of nuclear DNA damage by up-regulating the
repairing enzyme activity such as hOGG1 (Radak et al., 2007) and hMTH1. (Sato et al.,
2003). This is supported by the fact that in endurance-trained individuals, the Type I
fibers are more noticeable because of abundant mitochondrial density compared with the
Type II fibers (Coyle et al., 1995). Thus, trained athletes or individuals who are regularly
involved in endurance training may have an enhanced adaptive response, which results in
a protective effect against oxidative stress (Radak et al., 2003) and attenuates the extent
of apoptosis (e.g., DNA fragmentation and caspases activity)(Peters et al., 2006).
Moreover, it is suggested that the degree of endogenous antioxidant enzymes such as
superoxide dismutase, glutathione peroxidase, glutathione reductase, and catalase in the
skeletal muscle are increased in endurance-trained athletes (Sato et al., 2003; Sen, 1995;
Wang and Huang, 2005).
In terms of muscle 8-OHdG in humans, only one study has reported increased
DNA damage in quadriceps femoris muscle after a single bout of eccentric exercise
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(Radak et al., 1999b). However, a canine study has described no alterations of the 8OHdG levels after 7 h of treadmill running (Okamura et al., 1997). Some rat studies have
shown the reduction of the 8-OHdG levels in gastrocnemius muscle after 8 weeks of
treadmill running (Radak et al., 2002) and 9 weeks of swimming (Radak et al., 1999a)
compared with the control group. In the current study, no significant DNA damage was
found in the muscle 8-OHdG at any time point. Although the oxidative DNA damage in
muscle accounted for by 8-OHdG cannot directly be compared with blood DNA damage,
some evidence has been demonstrated. Previous findings described oxidatively damaged
DNA in 24-h post-exercise lymphocytes in relatively untrained subjects after exercise
(Hartman et al., 1994; Mars et al., 1998; Niess et al., 1998; Tsai et al., 2001). In contrast,
Peters et al. (2006) found no significant increases in DNA migration as a measure of
damage at 3 h post-exercise following 2.5-h exercise trials. Moreover, Mars et al. (1998)
described significant increases in both DNA strand breaks and apoptotic cells in
untrained subjects, immediately after incremental exercise protocol to exhaustion, but not
24 and 48 hours after exercise. Taken collectively, the discrepancies between previous
studies in DNA damage may partly be due to the exercise intensity and duration, and
fitness level of endurance athletes (Peters et al., 2006). Furthermore, other plausible
reasons may be explained by differences of sampled tissues (e.g., blood or muscle),
sampling time and assay (e.g., high performance liquid chromatography: HPLC or
enzyme-linked immunosorbent assay: ELISA) as a methodological concern.
Whether or not DNA damage directly results from oxidative damage, or whether
it is derived from a part of the process of apoptosis remains elusive (Mars et al., 1998).
However, there is evidence connecting oxidative DNA damage and apoptosis after
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exercise. For instance, elevated apoptosis (DNA fragmentation) was reported in
untrained individuals after 40 min of cycling exercise at 80%V⋅ O2peak (Wang and Huang,
2005). In contrast, Mooren et al. (2004) showed no alterations in the percent of apoptotic
cells as measured by annexin-V after a marathon run in endurance-trained athletes.
While Niess et al. (1998) observed increased leukocyte DNA damage (strand breaks) in
trained subjects after a half marathon event, Peters et al. (2006) have recently observed
no lymphocyte DNA damage (strand breaks) or increased apoptosis (annexin-V) in well⋅ O max. In line with
trained endurance athletes after 2.5 h of treadmill running at 75%V
2
the aforementioned findings, Umegaki et al. (1998) observed chromosomal damage in
lymphocytes in untrained individuals after 30 min of submaximal treadmill running at
⋅O
85%V
2max compared with highly-trained athletes. Since cell cycle arrest/turnover,
DNA repair or apoptosis in lymphocytes is considered to be initiated by chromosomal
damage (Peters et al., 2006), enhanced chromosomal stability in highly trained athletes
may be derived from the decreased percentage of apoptotic lymphocytes. To sum up,
fewer alterations of oxidatively damaged DNA at the tissue level in well-trained athletes
in the current study can in part stem from augmented antioxidant capacity, or insufficient
exercise intensity and duration.

Urinary 8-OHdG
In the present study, no alterations of urinary 8-OHdG excretion were observed over
the post-exercise period. The exercises performed in the current study may have been
insufficient to induce oxidative damage to DNA at the urinary level. Some studies have
shown no accumulation of oxidative DNA damage accounting for urinary 8-OHdG
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excretion after 6 min of ‘all-out’ rowing exercise (Nielsen et al., 1995), a single bout of
intense exercise (Sumida et al., 1997a), incremental cycling exercise to exhaustion
(Sumida et al., 1997b), or after of 90 min of cycling exercise at 65%V⋅ O2peak over the 3
consecutive days (Viguie et al., 1993). On the other hand, several studies have
demonstrated increased urinary 8-OHdG excretion after 60 min of cycling exercise at
⋅ O peak (Orhan et al., 2004), and marathon (Alessio et al., 1993; Tsai et al., 2001).
70%V
2
One possible reason for these discrepancies may in part be explained by the variability in
urine sampling collected as spot or 24-h urine. Another explanation may be related to the
use of a creatinine-adjustment. Previous studies have used a creatinine adjustment for 24
h urinary 8-OHdG at the steady-state level or after exercise (Sumida et al., 1997a; Tsai et
al., 2001). As shown in the results, creatinine excretion was higher at Day 1 compared to
Pre. Therefore, our expression of urinary 8-OHdG was in agreement with the previous
findings by Okamura et al. (1997) and Almar et al. (2002), which suggest that a
creatinine adjustment should not be used when determining the effect of exercise, as
creatinine excretion is not stable under these conditions.

Effects of Antioxidant Intake
The effects of acutely administered antioxidant supplementation on 8-OHdG
levels have been observed in the tissue and urine at the steady-state level. For example,
Fan et al. (2000) found reduced urinary 8-OHdG excretion following 4 days of vegetable
juice intake. In contrast, Boyle et al. (2000) reported a similar trend for urinary 8-OHdG
but decreased lymphocyte strand breaks after 1 day of onion meal provision. In previous
studies dealing with exercise associated with antioxidant supplements, some studies
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showed a decrease in DNA strand breaks (Hartmann et al., 1995; Mastaloudis et al.,
2004) and leukocyte 8-OHdG (Sacheck et al. 2003) after exercise. Contrary to those
results, several studies regarding antioxidants reports similar urinary 8-OHdG excertion
(Sumida et al., 1997a) and serum 8-OHdG (Bloomer et al., 2006), or increased DNA
strand breaks (Davison et al., 2005) after endurance exercise. In each of the sessions we
acutely administered the potential antioxidants, fenugreek seed extract containing a
higher amount of flavonoids and polyphenols 3 times (Kaviarasan et al., 2004). These
potential antioxidants did not have an effect on post-exercise oxidative DNA damage at
either the muscle or urinary level. One plausible explanation for the inconsistencies
between previous observations may be due to the differences of dose duration and
amount. Another potential reason may be dependent on the fitness level of the subjects.
Although optimal duration and dose of antioxidant supplementation remains
undetermined, whether or not exogenous antioxidants suppressed oxidative DNA damage
cannot be concluded in the current study.

Exercise-induced Proteinuria
While post-exercise proteinuria is well described (Poortmans, 1985), it relies on
the exercise intensity compared with its duration for the evidence of the higher
correlation between proteinuria and lactate (Poortmans, 1988). Previous studies
concerning endurance exercise have represented the post-exercise proteinuria such as
swimming (Poortmans, 1991), marathon running (Irving et al., 1986) and triathlon
(Farber et al., 1987). In the present study, total protein excretion between either sessions
or diet groups over the experimental period was higher in Day 1 compared with Pre, and
tended to decrease around Day 2, which is supported by the fact that post-exercise
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proteinuria becomes normal within 24-48 hours (Poortmans, 1985). However, our
findings showed no exercise-induced proteinuria as the total protein excretion was within
a normal range (<10 mg/dL or <150 mg/day; Poortmans, 1985). Thus, no cumulative
effects or evidence of renal dysfunction were found over the post-exercise period. This
may be a function of insufficient exercise intensity or duration or the training status of the
present subjects.

Experimental Limitations
Higher intensity exercise appears to correlate with greater rates of free radical
formation, which overcomes antioxidant capacity and then cause oxidative stress (Lovlin
et al., 1987). High intensity exercise also leads to proteinuria (Poortmans 1985). Based
on a previous observation in our lab, moderately trained individuals could not maintain
more than 55-65% of cycling exercise for a long-term duration. Thus, 5 h of cycling
⋅ O peak was chosen in the present study, which was considered as an
exercise at 52%V
2
upper limit for extended, steady-state exercise. This may possibly have resulted in the
insufficient intensity and duration to induce oxidative damage to DNA and proteinuria for
trained subjects.
In conclusion, 5h of repeated prolonged exercise at 52%V⋅ O2peak did not induce
oxidatively damaged DNA as measured by 8-OHdG at the muscle or urinary level in
trained individuals. In addition, acutely ingested exogenous antioxidants (fenugreek seed
extract) had no effect on exercise-induced DNA damage. Urinary protein excretion was
within the normal range during a post-exercise period, while higher excretion was
observed at Day 1 compared with the baseline levels. These findings indicate that long-
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term exercise with moderate intensity may not reach the threshold to induce oxidative
DNA damage and chronic renal dysfunction in trained individuals. Although there may
be adaptive responses, further research is required to clarify the optimal exercise mode,
intensity, and duration, promising as a means of maximizing the benefits of exercise.
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Table 1. Descriptive characteristics of the subjects
Characteristic

Men (N=7)

Age (yr)

29.9±9.9

Height (cm)

181.0±6.5

Body weight (kg)

76.1±7.2

BMI (kg⋅m-2)

23.3±2.3

Body fat (%)

16.1±3.4

⋅
VO2peak (l⋅min-1)

4.54±0.48

⋅
VO2peak (ml⋅kg-1⋅min-1)

60.0±5.1

⋅
VO2 at Tlact (l⋅min-1)

2.60±0.46

⋅
%VO2peak at Tlact

57.1±7.2

⋅
BMI=Body mass index; Tlact=Lactate threshold; %VO2peak at Tlact=
⋅
⋅
(VO2 at lactate threshold/VO2peak) × 100
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300

Figure Legends
Figure 1. The schematic diagram of the experimental procedures. *time point
supplemented with sports drink at beginning of each hour and expired gases collected at
end of each hour. GLU-feedings of dextrose (1.8 g⋅kg-1 body weight) plus placebo
capsules, and GLU + FG-feedings of dextrose (1.8 g⋅kg-1 body weight) and the
experimental supplement extracted from Fenugreek seeds. Pre: before exercise, INT:
Intermediate, Meal: solid food meal, Placebo: placebo capsule, FG: fenugreek capsule,
and TT: simulated 40 km cycling time trial.

Figure 2. Muscle 8-hydroxy-2’-deoxyguanosine (8-OHdG) expressed relative to
deoxygunosine (2dG)[8-OHdG (fmoles)/2dG(nmol)] (A) between sessions (First or
Second) and (B) between diet group (GLU or GLU+FG). PE stands for post-exercise. All
data express mean±SD (N=4-5).

Figure 3. 8-hydroxy-2’-deoxygunosine (8-OHdG), creatinine, urinary volume, and
specific gravity in comparison between first and second session. INT stand for
intermediate (between 5-h exercise and 40 km time trial) in which 15 h of urine was
collected. (A) Non-normalized urinary 8-OHdG (ng⋅ml-1); (B) normalized urinary 8OHdG expressed relative to creatinine (ng⋅mg creatinine-1); (C) normalized urinary 8OHdG expressed relative to 24-h urinary volume (μg⋅day-1); (D) urinary specific gravity
(g/mL); (E) creatinine excretion (mg⋅dl-1); (F) 24-h urinary volume (ml⋅day-1).
*Significantly different from Pre (main effect for time, p<0.05). All data show mean±SD
(N=7).
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Figure 4. Urinary volume, 8-hydroxy-2’-deoxyguanosine (8-OHdG), and creatinine
excretion by contrast with placebo (GLU) and GLU+FG. INT stand for intermediate
(between 5-h exercise and 40 km time trial) in which 15 h of urine was collected. (A)
Non-normalized urinary 8-OHdG (ng⋅ml-1); (B) normalized urinary 8-OHdG expressed
relative to creatinine (ng⋅mg creatinine-1); (C) normalized urinary 8-OHdG expressed
relative to 24-h urinary volume (μg⋅day-1); (D) urinary specific gravity (g⋅mL-1); (E)
creatinine excretion (mg⋅dl-1); (F) 24-h urinary volume (ml⋅day-1). *Significantly
different from Pre (main effect for time, p<0.05). All data represent mean±SD (N=7).
Figure 5. Urinary total protein excretion expressed as (A) mg⋅dL-1; (B) mg⋅g creatinine-1
between sessions, and (C) mg⋅dL-1; (D) mg⋅g creatinine-1 between diet groups.
*Significantly different from Day 1 (main effect for time, p<0.05) between diet groups.
All data demonstrate mean±SD (N=7).

Figure 6. Correlation coefficients with linear regressions. (A) The relationship between
urinary creatinine and 8-OHdG (r=0.261, p<0.05); (B) between urinary creatinine and
specific gravity (r=0.903, p<0.0001).
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ABSTRACT
The purposes of this study were to determine: 1) whether proteinuria and its
cumulative effects of renal impairment are observed and 2) whether there is a relationship
between markers of hydration status (body weight and urinary specific gravity) and
markers of proteinuria (total protein, albumin, β2-microglobulin, N-acetyl-β-Dglucosaminidase, and creatinine) induced by arduous work during wildland fire
suppression. Eighteen male active-duty military personnel served as the subjects. All
participants were randomly allocated to consume either First Strike Ration (FSR)(2,864
kcal, 377 g Carbohydrate, 91 g protein per day) or two Meals Ready to Eat (MRE)(2,620
kcal, 358 g Carbohydrate, 84 g protein per day) for three consecutive days. The activity
during wildland firefighting was evaluated by accelerometer over a three-day
experimental period. Body weight and urinary specific gravity were also measured to
determine hydration status at pre- and post-work-shift for the three days. Urine was
collected at pre- and post-work-shift of Day 1 and Day 3 to analyze the markers of
proteinuria. Subsequently, all participants were divided into two groups consisting of
minimal body weight loss (LOW-BWL) group (N=9) and higher body weight loss
(HIGH-BWL) group (N=9). There was a significantly lower caloric intake in HIGHBWL group than LOW-BWL group, while similar activity counts were observed in both
groups over a three-day period. There was a trend for percent change (Day 1-Pre vs. Day
3-Post) in body weight to be correlated with the markers of proteinuria at the Day 3, postshift time. These results indicate that wildland firefighting appears to induce proteinuria
during periods of acute body weight loss as a function of negative energy balance.
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Introduction
It has been demonstrated that proteinuria is an indicator of renal impairment that
can occur following strenuous exercise (Hoover and Cromie, 1981; Poortmans, 1984;
Riess, 1979). Von Leube (1878) first described urinary protein excretion in healthy
individuals after exercise. Gardner (1956) originated the term athletic pseudonephritis to
characterize the benign, transient, and reversible patterns of urinary protein excretion
induced by exercise. Subsequently, proteinuria has been shown to occur after nontraumatic exercise such as rowing (Poortmans, 1990), swimming (Poortmans, 1991),
marathon running (Irving et al., 1986) and triathlon (Farber et al., 1987) and traumatic
sports such as football (Coye and Rosandich, 1960) and baseball (Miyai and Ogata,
1990). It has been suggested that exercise-induced proteinuria, noted by the acutely
abnormal urinary findings, decreases and returns to baseline values within 48 hours
(Gardner 1956; Hoover and Cromie, 1981; Riess, 1979). According to Poortmans
(1988), the incidence of exercise-induced proteinuria is associated with the intensity of
exercise rather than the duration as noted by the relationship between proteinuria and
lactate.
There is evidence that strenuous exercise may induce acute renal disturbance but
may not cause chronic glomerular and tubular disturbance (Miyai and Ogata, 1990).
Urinary total protein excretion is regarded as a marker of a combination of glomerular
permeability, tubular leakage, tubular secretion, and normal urinary protein excretion by
the kidneys (Newman et al., 2000). Furthermore, urinary albumin (a high molecular
weight protein) excretion reflects glomerular permeability (Newman et al., 2000). By
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evaluating β2-microglobulin, a low molecular weight protein filtered at the glomerulus
and reabsorbed by the renal proximal tubule (Miyai and Ogata, 1990; Yaguchi et al.,
1998), renal tubular dysfunction can be detected in association with N-acetyl-β-Dglucosaminidase (NAG) excretion (a lysosomal enzyme) produced in proximal tubular
cells (Miyai and Ogata, 1990; Yaguchi et al., 1998).
There are growing numbers of full-time and seasonal wildland firefighters
(WLFF) in the United States who are occupationally involved in arduous work duty
during wildland fire suppression (Rothman et al., 1993). Previous research documents
the physiological characteristics of WLFF who engaged in arduous and dangerous work
associated with the difficult sleeping conditions and complex environments (Cuddy et al.,
2007; Ruby et al., 2002, 2003). For instance, Ruby et al. (2002), using the doubly labeled
water methodology, have demonstrated the total energy expenditure of WLFF to range
from 3000-6260 kcal⋅day-1. The arduous work of WLFF consists of tasks including
hiking in steep terrain, digging fire lines, brush clearing and chain sawing in an often hot,
smoky and dangerous environment (Cuddy et al., 2007; Ruby et al., 2002, 2003). Under
these hazardous conditions, optimal strategies of fluid balance and hydration have been
considered to optimize work performance and prevent serious medical condition such as
dehydration and heat-related illness (Cuddy et al., 2007; Ruby et al., 2002, 2003).
Taken collectively, the strenuous physical activity during wildland fire
suppression can be categorized as one of the most intense physical occupational work.
Although the reports regarding physiological responses during or after the wildland
firefighting are documented, there have been no studies examining the effects of arduous
work on proteinuria to date. In addition, whether cumulative effects of proteinuria are
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induced as a result of strenuous, long-duration, wildland firefighting activity remains to
be clarified. Due to the complex physiological changes induced by arduous work during
wildland fire suppression (Ruby et al., 2002, 2003), it is plausible that there is a particular
relationship between wildland firefighting and proteinuria. From the pathophysiological
point of view, it is useful to understand these changes and to provide feedback to
individuals who are engaged in wildland firefighting activity and to personnel who make
work and safety decisions. Therefore, the purposes of this study were to examine: 1)
whether proteinuria and its cumulative effects of renal impairment are observed
following wildland firefighting activity and 2) whether there is a relationship between
hydration markers (body weight and specific gravity) and proteinuria markers (total
protein, albumin, β2-microglobulin, N-acetyl-β-D-glucosaminidase) induced by arduous
work during wildland fire suppression. It was hypothesized that work-induced
proteinruia would be observed and cumulative effects would be demonstrated as arduous
work is extended longer. Furthermore, we hypothesized that body weight loss and
changes in specific gravity would be correlated with urinary protein excretion.

Methods
Subjects
Eighteen male active duty military served as subjects. All subjects completed a
brief questionnaire to collect information on prior work history. Anthropometric
measurements were carried out at the beginning of the first work-shift. Physical
characteristics of the subjects and mean reported physical labor hours, prior to the study,
are reported in Table 1. All subjects had no history of previous heat-related illness, renal,
or bladder dysfunction. Data collection for this study occurred during mid-August at a
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Northwestern firecamp. All participants provided written informed consent. The
experimental protocol in the current study was reviewed and approved by the Institutional
Review Boards of The University of Montana and the US Army Research Institute of
Environmental Medicine.

Experimental Procedure
Testing occurred on three consecutive days. Weather conditions were reasonably
consistent (low temperatures = 10, 8, and 12°C, high temperatures=32, 33, and 36°C,
mean temperatures = 21, 21, and 23°C, mean relative humidity 41, 44, and 33%
respectively for the three days).
All participants were allocated at random to consume two kinds of military-based
foods consisting of either one First Strike Ration (FSR) per day (2,864 kcal, 377 g
Carbohydrate, 91 g protein) or two Meals Ready to Eat (MRE) per day (2,620 kcal, 358 g
Carbohydrate, 84 g protein) for 3 consecutive days. Food intake was assessed and caloric
intake determined from food type assigned, diet log maintained by the subjects, and endof-day collection of food wrappers from eaten foods and returned uneaten food. Workshift physical activity was determined by accelerometer (ActiCal®, Respironics, Inc.)
during 3 consecutive days. Body weight and urine specific gravity were measured to
observe each individual’s hydration status over the three days of the work-shift (HelzerJulin et al., 1988; Ruby et al., 2003). Spot urine specimens were collected at Pre and Post
in both Day 1 and Day 3 in order to analyze proteinuria including total protein, albumin,
β2-microglobulin, N-acetyl-β-D-glucosaminidase (NAG; only Day 1-Pre and Day 3Post), and creatinine. The subjects were subsequently divided into minimal body weight
loss group (LOW-BWL, average loss= – 0.38 ± 0.30%, n=9) and high body weight loss
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group (HIGH-BWL, average loss=0.33 ± 0.31%, n=9), based on the 3-day average of the
percent body weight loss during the experimental period.

Urinary Collection and Body Weight Measurement
In order to reduce the variability of the excreted analyte induced by diurnal
rhythms, the urine was collected from the second morning void when short sampling
periods are taken into consideration (Jung, 1991). Urinary sampling time ranged from
0530-0730 for pre-work-shift and 1830-2100 for post-work-shift depending on the
subjects’ daily work assignment. All urine samples were immediately frozen on dry-ice
and transferred to –80°C storage for later quantification of proteinuria. Following
complete emptying of the bladder, body weight was digitally measured on a calibrated
scale.

Determination of Physical Activity using Accelerometer
To determine work activity over three consecutive days, ActiCal® actigraphy
units (MiniMitter, Bend, OR) were used as described by Cuddy et al. (2007). The units
were placed on a white foam core square (~7.6 cm x 7.6 cm) to maintain them securely
and protect the units against damage. The acceleromter was secured in the left chest
pocket of each subject’s Nomex® fire shirt. The accelerometer placement in the chest
pocket has been standardized and validated for all data collection and actigraph
placement during wildfire suppression (Heil, 2002). The placement is necessary due to
the frequent upper body work and the consistent carrying of a pack, (Cuddy et al., 2007).
Activity counts were collected in 15 second epoch and eventually described as counts per
minute (counts⋅min-1).
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Determination of Proteinuria and Specific Gravity
Total protein assay (BioAssay Systems, Hayward, CA) was conducted by an
improved coomassie blue G method and subsequently determined using a
photospectrometer (Milton Roy Spectronic 401, Rochester, NY). Albumin and β2microglobulin were measured using an enzyme-linked immunosorbent assay (Alpha
Diagnostic International, San Antonio, TX; ALPCO Diagnostics, San Antonio, TX,
respectively). N-acetyl-β-D-glucosaminidase and creatinine were analyzed using a
colorimetric assay (Roche Applied Science, Indianapolis, IN; Stanbio Laboratory,
Boerne, TX, respectively). Urinary specific gravity was determined using a refractometer
(ATAGO, Bellevue, WA).

Statistical Procedures
A two-way (group x time) Analysis of Variance (ANOVA) with mixed design (1
between, 1 within) was used to determine any significant differences in all dependent
variables regarding total caloric intake, activity, and proteinuria markers, by using a
statistical package (Statistica V5.1, Statsoft, Tulsa, OK). Pearson’s correlation
coefficient was computed between percent changes (Day 1-Pre vs. Day 3-Post) in
proteinuria and hydration markers, and between urinary creatinine and specific gravity
after all workshifts. Furthermore, Pearson’s correlation coefficient with linear regression
analysis was calculated to evaluate the relationship between % body weight change (Day
1-Pre vs. Day 3-Post) and all dependent variables related to proteinuria at Day-3 Post
work-shift. The overall significance was established at p<0.05. All data are shown as
mean ± SD.
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Results
The HIGH-BWL (higher % body weight loss; average loss=0.33 ± 0.31%, n=9)
group showed significantly lower total caloric intake compared with LOW-BWL
(minimal % body weight loss; average loss= – 0.38 ± 0.30%, n=9) group (main effect for
group, p<0.05; Figure 1-A). Furthermore, total caloric intake in both HIGH-BWL and
LOW-BWL at Day 3 were significantly lower compared with Day 1 and 2 (main effect
for time, p<0.05; Figure 1-A). In terms of activity counted by accelerometer, no
significant differences were observed between either groups or time all three days (Figure
1-B).
Urinary excretion of total protein, albumin, and NAG with non-standardization
were significantly higher in HIGH-BWL over the experimental period (main effect for
group, p<0.05; Figure 2-A, 2-B, and 2-D). However, no significant differences were
exhibited in urinary β2-microglobulin in either group or time (Figure C). When
expressed relative to creatinine, there were no statistical changes in urinary total protein
or albumin excretion (Figure 2-E and 2-F), whereas, post-workshift of Day 1 and 3,
significantly lower values of urinary β2-microglobulin were demonstrated (main effect
for time between Day 1-Pre and Day 1-Post; p<0.05 and Day 1-Pre vs. Day 3-Post;
p<0.05; Figure 2-G). Urinary NAG was significantly lower in Day 3-Post compared with
Day 1-Pre (main effect for time, p<0.05), while the HIGH-BWL group showed
significantly higher excretion of urinary NAG (main effect for group, p<0.05; Figure 2H). There were no significant differences in urinary creatinine (Figure 3-A), whereas
significantly higher urinary specific gravity values were observed in HIGH-BWL group
over the experimental period (main effect for group, p<0.05; Figure 3-B). There was a
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strong correlation between urinary creatinine and specific gravity over the work-shift
(r=0.795, p<0.0001; Figure 3-C).
The relationship between urinary excretion of total protein and NAG at Day 3Post and % change in body weight (Day 1-Pre vs. Day 3-Post) showed significant
correlations (r=0.492, p<0.05; Figure 4-A and r=0.590, p<0.01; Figure 4-D, respectively).
Urinary albumin excretion tended to be correlated with % change in body weight
(r=0.432, p=0.07; Figure 4-B). There was no significant correlation between urinary β2microglobulin and % change in body weight (Figure 4-C). When the markers of
proteinuria were expressed relative to creatinine, neither the relationship between urinary
total protein and albumin or % change in body weight were correlated (r=0.421, p=0.08;
Figure 4-E and r=0.238, p=0.34; Figure 4-F, respectively), although there was a trend for
total protein excretion to be correlated with % change in body weight (Figure 4-E). The
percent change in body weight was well-correlated with urinary β2-microglobulin
(r=0.596, p<0.01; Figure 4-G), NAG (r=0.552, p<0.05; Figure 4-H), creatinine (r=0.632,
p<0.01; Figure 5-A) and specific gravity (r=0.556, p<0.05; Figure 5-B).
The relationships between percent changes (Day 1-Pre vs. Day 3-Post) in
proteinuria and hydration markers, all urinary proteinuria and hydration markers were
highly correlated (Table 2). In contrast, when proteinuria markers were expressed
relative to creatinine, correlations between percent changes (Day 1-Pre vs. Day 3-Post) in
proteinuria markers were not significantly correlated except for the relationship between
β2-microglobulin and NAG (r=0.520, p<0.05, Table 3).

Discussion
Main Findings
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The main findings in the present study were that arduous work during wildland
fire suppression induced proteinuria, which tended to be accumulated as arduous work
duty was extended. Furthermore, body weight loss was highly correlated with urinary
protein excretion. A significantly lower caloric intake was observed in the higher bodyweight loss group compared with the lower body-weight loss group despite similar
activity counts in both groups.

Dehydration and Body Weight Loss
The results of this study indicated that the higher percentage of body weight loss
during short-term wildland firefighting had a trend to induce relatively higher amount of
urinary protein excretion associated with dehydration. This observation is explained by
the fact that exercise intensity and hydration status are the main factors affecting
proteinuria (Carroll and Temte, 2000; Helzer-Julin et al., 1988). Interestingly, HIGHBWL group in the current study showed a significantly lower caloric intake compared
with LOW-BWL group, which is supported by the previous evidence that body weight
loss resulted from an overall energy deficit and decreased total body water (Mudambo et
al., 1997; Ruby et al., 2003) rather than differences in work output. The estimated work
activity, measured by accelerometry, was similar in both HIGH-BWL and LOW-BWL
groups over three consecutive days in this study. Previous data have demonstrated the
high energy demands of wildfire suppression (Ruby et al., 2002). In that study, some
subjects were able to maintain energy balance, while others lost body weight up to 1.7 kg
over the five-day work period (Ruby et al., 2002). In aggreement with those findings, the
mean urine specific gravities in all participants tended toward being dehydrated (>1.020
g⋅mL-1) over the period of the study. In the current study, body weight loss up to 2.4%
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after the 3-day work-shift was found. Body weight measurement has been considered to
be a simple and valid measurement to determine fluid balance (Cheuvront et al., 2002,
2004). A euhydration cut-off value based on body weight measurement has been shown
to be as little as <1% change (American College of Sports Medicine, 2007). In addition,
it has been suggested that dehydration resulting in greater than 2% of body weight loss
can attenuate aerobic work performance and weaken mental/cognitive performance
(Cheuvront et al., 2003). Thus, it is very important to maintain euhydration to optimize
work performance (Cuddy et al. 2007; Ruby et al., 2002, 2003). However, the wildland
firefighter is subjected to unpredictable and extreme conditions consisting of strenuous
muscular work associated with psychological and physiological stress in extremely hot
and dry environments under dangerous and changing conditions (Ruby et al., 2002,
2003). Thus, it may often be difficult to maintain ideally euhydrated body conditions
(≤1.020 g⋅mL-1, Alessio et al., 1985; Armstrong et al., 1994; Popowski et al., 2001).

Glomerular and Tubular Function in the Kidney
Previous research has demonstrated that the intensity of exercise is associated
with increased levels of urinary protein excretion, as characterized by the strong
correlation between proteinuria and lactate (Poortmans et al., 1988). Our results indicate
that the physical demands of wildland firefighting appears to be sufficient to induce
proteinuria. In the current investigation, the elevation in urinary protein excretion may
have been attributed to arduous work-related stress including the work intensity, work
duration, and environmental conditions leading to body weight loss and dehydration (e.g.
sweating; Nadel, 1979). It has been suggested that normal urinary protein excretion is
<10 ml⋅dL-1 (Carroll and Temte, 2000; Helzer-Julin et al., 1988). In the current study we
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found higher than normal protein excretion values most likely due to dehydration. The
higher excretion of proteinuria is likely to be characteristic of individuals who are
engaged in vigorous intensity of wildland firefighting consisting of both upper- and
lower-body involvement.
The excretion of urinary proteins including total protein and albumin increases
following strenuous exercise (Poortmans, 1985). In addition to those high-molecular
weight proteins, low-molecular weight proteins such as β2-microglobulin are also
considerably elevated after the heavy physical work (Poortmans, 1985). Given a higher
excretion of urinary total protein, albumin, and β2-microglobulin, it is possible that postexercise proteinuria reflects mixed glomerular and tubular impairment (Ohno et al., 1993;
Poortmans, 1985). According to Poortmans (1985), glomerular permeability, tubular
reabsorption and disposal of the absorbed proteins can be involved in urinary protein
excretion as the three major variables. In this respect, the post-exercise proteinuria has
been considered to result from the increased glomerular permeability and/or impaired
tubular reabsorption (Poortmans, 1985). For instance, the elevation of glomerular
permeability is explained by a result of the appearance of high-molecular-weight proteins
in the urine (Yaguchi et al., 1988; Poortmans, 1985). Moreover, the impairment of
tubular function is demonstrated by the recognition of the low-molecular-weight proteins
in the urine (Yaguchi et al., 1988; Poortmans, 1985). The NAG (a lysosomal enzyme)
produced in proximal tubular cells has commonly been used with β2-microglobulin in
order to examine renal tubular dysfunction, as explained by the observations that the
filtered amounts of β2-microglobulin with NAG surpass the ability of tubule reabsorption
(Miyai and Ogata, 1990; Poortmans, 1985; Yaguchi et al., 1988).
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In the current investigation, percent body weight loss (Day 1-Pre vs. Day 3-Post)
in all subjects was correlated with urinary excretion of total protein, albumin and NAG at
Day 3-Post. Additionally, there was a trend for % change in hydration markers (Day 1Pre vs. Day 3-Post) to be well-correlated with % change in all proteinuria markers (Day
1-Pre vs. Day 3-Post). When proteinuria markers are expressed relative to creatinine, a
significant correlation was found between post-exercise NAG to creatinine ratio and β2microglobulin to creatinine ratio (Day 1-Pre vs. Day 3-Post), which may be a reflection
of the extent of tubular disturbance. Although our results were in agreement with the
previous finding of Yaguchi et al (1998) in short-course triathlon, other researchers report
no correlation between β2-microglobulin and NAG after baseball training camp (Miyai
and Ogata, 1990). These differences may be due to the differences in the degree of total
stress of physical activity.
We found no significant correlation between post-exercise urinary total protein to
creatinine and NAG to creatinine ratio (Day 1-Pre vs. Day 3-Post) in the present study.
Furthermore, similar results were also observed for urinary total protein to creatinine and
β2-microglobulin to creatinine ratio (Day 1-Pre vs. Day 3-Post). Those phenomena are
consistent with previous findings (Yaguchi et al., 1998), whereas other study shows
positive correlation without the creatinine-adjustment (Miyai and Ogata). The urinary
excretion of enzymes or proteins expressed relative to urinary creatinine can, at least in
part, be adjusted to reduce the variability due to inconstant dilution and concentration of
urine samples (Elkins et al., 1974; Jung et al., 1986). However, such a creatinine-based
adjustment has disadvantages. For example, since the ratio of protein to creatinine is the
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result of two variables, such a ratio appears to have an influence on urinary creatinine
excretion dependent on sex, age, muscle mass, and urine flow rate (Jung, 1991).
Taken together, our findings indicate that the degree of glomerular dysfuntion
may not always be associated with tubular impairment as reported previously (Yaguchi et
al., 1998). In this regard, further research is required to clarify the mechanisms of
glomerular and tubular disturbance induced by repeated and long-lasting strenuous
exercise. In line with with these observations, additional palusible reasons for our
findings in the current study may include several factors including renal ischemia and
vasoconstriction (Castenfors, 1977; Javitt and Miller, 1952; Poortmans, 1985), increased
renal vein pressure (Bruce, 1972; Riess, 1979), and bladder contusions (Blacklock, 1977;
Fred, 1978; Fred and Natelson, 1977).
In conclusion, our findings in the present study indicate that the physical stress of
wildland firefighting results in accumulated proteinuria which increases as arduous work
is prolonged. Moreover, body weight loss, accompanied by dehydration during wildland
firefighting, may increase renal protein excretion. Although arduous work appears to
acutely induce proteinuria as a result of a daily work output, whether long-lasting
exposure to strenuous wildland firefighting activity induces a chronic glomerular and
tubular damage still remains inconclusive. Therefore, further research is warranted in
this regard. It is suggested that strenuous work duty should be undertaken with caution in
order to prevent chronic renal dysfunction. Additionally, appropriate intake of
supplemental foods and beverages is expected in order to improve the working conditions
and increase safety on the fire line.
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Table 1. Physical characteristics of the subjects
Characteristic
Men=18
Age (yrs)

22.2±3.9

Height (cm)

179.7±7.7

Body weight (kg)

86.5±13.4

BMI (kg m-2)

26.8±4.3

Physical labour hours
previous week (hrįweek -1)
previous 2 weeks (hrįweek -1)

22.4±18.0
33.7±33.8

BMI=Body mass index
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Table 2. Correlation between percent changes in proteinuria and hydration markers
§ 2-microglobulin
Total protein
Albumin
NAG
Creatinine
(µgįmL -1)
(µgįL-1)
(UįdL -1)
(mgįdL -1)
(mgįdL -1)

Specific gravity
(gįmL -1)

BW
(kg)

Total protein
(mgįdL -1)

r
p

-

-

-

-

-

-

-

Albumin
(µgįmL -1)

r
p

0.801
<0.0001

-

-

-

-

-

-

§ 2-microglobulin
(µgįL -1)

r
p

0.423
0.080

0.506
<0.05

-

-

-

-

-

NAG
(UįdL -1)

r
p

0.604
<0.01

0.654
<0.01

0.565
<0.05

-

-

-

-

Creatinine
(mgįdL -1)

r
p

0.749
<0.001

0.789
< 0.0001

0.855
< 0.0001

0.682
<0.01

-

-

-

Specific gravity
(gįmL -1)

r
p

0.859
< 0.0001

0.838
< 0.0001

0.728
<0.001

0.763
<0.001

0.899
< 0.0001

-

-

BW

r
p

0.520
<0.05

0.524
<0.05

0.426
0.078

0.553
<0.05

0.696
<0.01

0.569
<0.05

-

(kg)

Percent changes (Day 1-Pre vs Day 3-Post). NAG=N-acetyl-§-D-glucosaminidase, BW=body weight
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Table 3. Correlation between percent changes in proteinuria relative to creatinine
§ 2-microglobulin
Total protein
Albumin
NAG
(mgįg Cr -1)
(mgįg Cr-1)
(µgįg Cr -1)
(Uįg Cr -1)
Total protein
(mgįg Cr -1)

r
p

-

-

-

-

Albumin
(mgįg Cr -1)

r
p

0.028
0.912

-

-

-

§ 2-microglobulin
(µgįg Cr -1)

r
p

0.123
0.626

0.067
0.793

-

-

NAG
(Uįg Cr -1)

r
p

0.158
0.532

0.231
0.357

0.520
<0.05

-

Percent changes (Day 1-Pre vs Day 3-Post). NAG=N-acetyl-§-D-glucosaminidase,
Cr=Creatinine
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Figure Legends
Figure 1. (A) Total caloric intake and (B) activity between minimal (LOW-BWL) and
higher percent body weight loss (HIGH-BWL) groups. *Significantly different from Day
3 (main effect for time, p<0.05). †Significantly different from HIGH-BWL (main effect
for group, p<0.05). All data are shown as mean±SD.
Figure 2. Non-standardized proteinuria markers: (A) urinary total protein (mg⋅dL-1); (B)
urinary albumin (μg⋅mL-1); (C) urinary β2-microglobulin (μg⋅L-1); (D) urinary N-acetylβ-D-glucosaminidase (NAG, Ud⋅L-1). Standardized proteinuria markers relative to
urinary creatinine: (E) urinary total protein (mg⋅g creatinine-1); (F) urinary albumin (mg⋅g
creatinine-1); (G) urinary β2-microglobulin (μg⋅g creatinine-1); (H) urinary NAG (U⋅g
creatinine-1). *Significantly different from Day 1-Pre (main effect for time, p<0.05).
†Significantly different from Day 1-Post (main effect for time, p<0.05). ‡Significantly
different from minimal % body weight loss (LOW-BWL) group (main effect for group,
p<0.05). All results are exhibited as mean±SD.
Figure 3. (A) Urinary creatinine concentration (mg⋅dL-1); (B) urinary specific gravity
(g⋅mL-1). *Significantly different from minimal % body weight loss (LOW-BWL) group
(main effect for group, p<0.05). (C) The relation between urinary creatinine (mg⋅dL-1)
and urinary specific gravity (g⋅mL-1) (r=0.795, p<0.0001).

Figure 4. The correlation between percent change (Day 1-Pre vs Day 3-Post) in body
weight (body weight) and proteinruia markers at Day 3-Post: (A) Urinary total protein
(mg⋅dL-1)(N=18, r=0.492, p<0.05); (B) urinary albumin (μg⋅mL-1)(N=18, r=0.432,
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p=0.07); (C) urinary β2-microglobulin (μg⋅L-1)(N=18, r=0.06, p=0.81); (D) urinary Nacetyl-β-D-glucosaminidase (NAG, Ud⋅L-1)(N=18, r=0.590, p<0.01); (E) urinary total
protein (mg⋅g creatinine-1)(N=18, r=0.421, p=0.08); (F) urinary albumin (mg⋅g creatinine1

)(N=18, r=0.238, p=0.34); (G) urinary β2-microglobulin (μg⋅g creatinine-1)(N=18,

r=0.596, p<0.01); (H) urinary NAG (U⋅g creatinine-1)(N=18, r=0.552, p<0.05).

Figure 5. The correlation between percent change (Day 1-Pre vs Day 3-Post) in body
weight (body weight) and urinary creatinine and specific gravity at Day 3-Post: (A)
urinary creatinine concentration (mg⋅dL-1)(N=18, r=0.632, p<0.01); (B) urinary specific
gravity (g⋅mL-1)(N=18, r=0.566, p<0.05).
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Chapter V. Overall Conclusion and Future Directions
The first purpose of this overall study consisting of three projects was to examine
the effects of long-term strenuous exercise on oxidative DNA damage in trained
individuals or occupational workers. The findings indicate that moderate and longduration exercise may not induce oxidative DNA damage in trained individuals, while
intense and long-duration exercise appears to cause DNA oxidation. It has been
suggested that the induction of oxidative DNA damage results from an oxidative stress
that exceeds the antioxidant capacity and the capacity to repair DNA (Sato et al., 2003;
Umegaki et al., 1998). Many investigators have tried to examine exercise-induced DNA
damage in humans, analyzing 8-OHdG in urinary excretion (Alessio, 1993; Hartmann et
al., 1994; Orhan et al., 2004), in muscle (Radak et al., 1999a), in lymphocyte DNA
(Inoue et al., 1993), and in DNA strand breaks in white blood cells (Hartmann et al.,
1994; Mastaloudis et al., 2004; Sen et al., 1994). Although some findings of the current
study were divergent from the previous reports, further research is needed to clarify the
degree of exercise intensity and duration that will induce oxidative DNA damage in the
body.
Various factors could have an influence on oxidative DNA damage after
strenuous exercise. Particularly, exercise-induced DNA damage appears to rely on the
type and extent of exercise, the individuals’ physiological characteristics, the nutritional
profile (e.g., antioxidants), and the analytical method used to determine oxidative DNA
damage. There are accumulating observations that the antioxidant capacity of trained
individuals is higher than that of untrained subjects as evidenced by the up-regulation of
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the repair enzymes such as hOGG1 and hMTH1 (Sato et al., 2003; Radak et al., 2000,
2003). In addition, some studies have demonstrated that larger amounts of antioxidant
intake have less DNA damage induced by oxidative stress (Hartmann et al., 1995; Simic
and Bergtold, 1991). Although an acutely administered antioxidant in one of the projects
⋅ O peak and 40
did not affect muscle and urinary 8-OHdG after 5-h of cycling at 52 %V
2
km of cycling time trials in trained individuals, the degree and duration of dose
administration may not have been sufficient to induce oxidative DNA modification.
Although urinary excretion of 8-OHdG has been considered to be an indicator of wholebody-oxidative DNA damage and repair, it is hard to distinguish the origin of 8-OHdG
from nuclear DNA, mitochondrial DNA or a non-DNA pool (Umegaki et al., 1998). As
mentioned above, many studies have so far focused on nuclear DNA damage induced by
exercise. It has been suggested that mitochondrial DNA is more susceptible to oxidative
modifications compared with nuclear DNA due to the site of potential ROS and RNS
generation and the fact that mitochondrial DNA is not protected by histones like nuclear
DNA (Namamoto et al., 2007; Radak et al., 2007). Recently, Nakamoto et al. (2007)
observed increased nuclear and mitochondrial DNA damage following 8 weeks of regular
treadmill running in rats, whereas the repair enzyme OGG1 was enhanced only in the
nucleus, not in the mitochondria. Therefore, further research is required to explore the
interactive mechanisms of nuclear and mitochondrial DNA damage and repair following
exercise to prevent oxidative modification of DNA.
Post-exercise proteinuria has been considered to be transient and non-deleterious
as it usually returns to the baseline within 48 hours (Poortmans, 1985, 1994). However,
whether long-lasting exposure to strenuous exercise induces accumulative effects of renal
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dysfunction still remains elusive. In this respect, the second purpose of these overall
studies was to examine the effects of long-lasting intense exercise on proteinuria in
trained individuals or occupational workers. Some of results in the current study were in
agreement with previous observation that initially abnormal urinary protein excretion
becomes normal within 48 hours (Cianflocco, 1992; Poortmans, 1985, 1994). However,
other results of this study showed proteinuria and its cumulative effects as arduous work
extended. Although how accumulatively excreted protein after exercise causes chronic
renal disturbance is still unclear, further studies are required to determine optimal
exercise intensity and duration in order to prevent kidney impairment.
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Appendices II
2-1) Muscle 8-hydroxy-2’-deoxyguanosine (8-OHdG) assay
The determination of 8-OHdG in the muscle tissue was based on the protocol
previously described by Bolin et al. (2004). Analysis of the levels of 8-OHdG, expressed
as the ratio of 8-OHdG/2-deoxyguanosine (2-dG) was performed as follows. 8-OHdG
and 2-dG were resolved by HPLC with a reverse phase YMCbasic column (4.6 mm ×
150 mm; particle size 3 μm)(YMC Inc., Wilmington, NC) and quantified using a
CoulArray electrochemical detection system (ESA Inc., Chelmsford, MA). An isocratic
mobile phase consisting of 100 mM sodium acetate, pH 5.2, 4% methanol (HPLC Grade)
diluted in water passed through C18 Sep-Pak cartridges (Waters Corp., Milford, MA)
was utilized to elute the nucleosides from the column. The mobile phase was filtered
using 0.2 μm nylon filters and degassed by sonication before use with the HPLC.
Potentials of the four coulometric analytical cells of the CoulArray system, placed in
series, were as follows: 50, 125, 175, 200, 250, 380, 500, 700, 785, 850, 890, 900 mV.
Calibration curves were generated from standards of 2-dG ranging from 100 ng to 2 μg
(0.350–7.01 nmol) and 8-OHdG (Cayman Chemical Company, Ann Arbor, MI) ranging
from 5 to 100 pg (17.6–353 fmol). The calibration curve for 8-OHdG was created based
on the peak area of the 8-OHdG standard, eluting at 9.0 min, in the 250 mV channel. The
calibration curve for 2-dG was created based on the sum of peak areas of the 2-dG
standard, eluting at 7.8 min, in the 850, 890, and 900 mV channels. The electrochemical
cells were allowed to equilibrate and wake up standards (three times the highest
concentration of calibration standards) were injected before calibration standards as
suggested by ESA in order to obtain highest sensitivity. The amount of 8-OHdG and 2dG was calculated by comparing the peak area and sum of peak areas, respectively, from
the 10 μl injection of reconstituted enzymatic hydrolysate of the DNA sample with the
calibration curves for 8-OHdG and 2-dG. Levels of oxo8dG in the samples were
expressed relative to the content of 2-dG [e.g. the molar ratio of 8-OHdG to 2-dG (fmol
of 8-OHdG/nmol of 2-dG)]. Data were recorded, analyzed, and stored using CoulArray
for Windows data analysis software (ESA Inc., Chelmsford, MA).

2-2) Urinary 8-hydroxy-2’-deoxyguanosine (8-OHdG) assay
Urine Collection and Clean-up Procedure
Article:
Germadnik D, Pilger A, Rudiger HW. (1997). Assay for the determination of urinary 8hydroxy-2'-deoxyguanosine by high-performance liquid chromatography with
electrochemical detection. J Chromatogr B Biomed Sci Appl, 689(2):399-403.
Protocol:
1) Urine specimens from the subjects, pooled together and with 8OHdG standard added,
were used for developing the sample preparation steps with a modification of the
procedure shown by Germadnik et al. (1997).
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2) The pH of urine was adjusted to 4-5 by the addition of 2 M HCl and 5-ml aliquots of
urine were kept frozen at -20°C.
[Reagents]
- 2M HCL
[HCL] = 11.6 moles/liter
Molecular weight = 36.46 g/mol
Given that we need to have 5 ml of 2M HCL
11.6 moles/liter: 5 ml = 2 moles/liter: x ml
11.6 x = 5 × 2
x = (5 × 2)/11.6
x = 0.862
x = 0.9~
Therefore, if we would like to have 5 ml of 2M HCL, we have to have 0.9 mL
HCl: 4.1 ml H2O
- 2M NaOH (Just in case, prepare this)
Molecular weight = 40.00 g/mol
2 mol = 80 g
Therefore, 80 g NaOH/1 L H2O or 0.8 g/10 ml
3) Each sample passed at least one freeze-thaw step and was centrifuged at 1500 g for 5
min before proceeding to remove precipitates.
4) The supernatant underwent the cleanup procedure by solid-phase extraction.
5) The Bond Elut C18/OH cartridges were preconditioned with 10 ml of methanol, 5 ml
of distilled water and 10 ml of 50 mM KH2PO4, pH 7.5 (buffer A).
- Bond Elut LCR solid-phase extraction columns (C18/OH, 500 mg, 3.0 ml)
from Varian (Harbor City, CA, USA)
[Reagents]
- 99.8% = 100%~ Methanol
- 50 mM KH2PO4 (1 mol = 1000 mmol (millimole))
KH2PO4 Molecular Weight = 136.09 g/mol
1 mol:136.09 g = 0.05 mol: x g
x = 0.05 × 136.09 g
= 6.8045 g
Therefore, 6.8045 g: 1 L = 3.40225: 500 ml
Adjust pH to pH 7.5 using a pH meter.
6) A 2-ml volume of urine premixed with 1μl of 8OHdG standard (1 mg⋅mL-1) was
applied to the first column.
- 8OHdG from Dr. Cardozo-Pelaez’s lab
- This part relies on Dr. Cardozo-Pelaez’s decision.
7) The column was washed with 3 ml of buffer A and 3 ml of 5% methanol in buffer
A.
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[Reagents]
- Buffer A (50 mM KH2PO4, pH 7.5)
- 5% methanol in buffer A (50 mM KH2PO4, pH 7.5)
If we would like to make 100 ml of this reagent,
5 ml of 100% methanol and 95 ml of buffer A are required.
8) 8OHdG was eluted with 3 ml of 15% methanol in buffer A.
[Reagent]
- 15% methanol in buffer A (50 mM KH2PO4, pH 7.5)
If we would like to make 100 ml of this reagent,
15 ml of 100% methanol and 85 ml of buffer A are required.
9) The eluate then was diluted with 5 ml of distilled water, mixed* and applied to
another conditioned C18/OH column**.
- * Mix “the liquid sample collected in 8)” with “5 ml of distilled water” and
add those to another conditioned C18/OH column.
- ** Same as 5) preconditioned with 10 ml of methanol, 5 ml of distilled water
and 10 ml of 50 mM KH2PO4, pH 7.5 (buffer A)
10) The column was dried under vacuum and the absorbed material was eluted with 1.5
ml of 20% methanol in buffer A.
[Reagent]
- 20% methanol in buffer A (50 mM KH2PO4, pH 7.5)
If we would like to make 100 ml of this reagent,
20 ml of 100% methanol and 80 ml of buffer A are required.
11) To remove methanol, the samples were evaporated for 1.5 h in a SpeedVac
Concentrator SVC200H (Savant, Holbrook, NY, USA) and subsequently filled up
with buffer A to give a final volume of 1.5 ml: 10-20 μl of the prepared elute was
injected into the HPLC system.*
- * It is dependent on Dr. Cardozo-Pelaez’s HPLC-ECD system.

2-3) Urinary Total Protein Assay
QuantiChromTM Protein Assay Kit (QCPR-500)
Bradford Colorimetric Protein Determination at 595 nm
DESCRIPTION
The protein is known as the “building blocks of life” and is one of the most important
macromolecules in life science. Proteins are polypeptides made up of amino acids and
play various key roles in all aspects of biology. Protein quantification is a very common
practice for life scientists. Simple, direct and automation-ready procedures for measuring
protein concentration are very desirable. BioAssay Systems’ QuantiChromTM protein
assay kit is based on an improved Coomassie Blue G method. The dye forms a blue
complex specifically with protein, and the intensity of color, measured at 595 nm, is
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directly proportional to the protein concentration in the sample. The optimized
formulation substantially reduces interference by substances in the raw samples and
exhibits increased sensitivity towards peptides.
APPLICATIONS
Direct Assays: total protein concentration
KEY FEATURES
Sensitive and accurate: Use 10 μL samples. Detection range 0.06 – 1.0 mg/mL protein
in 96-well plate assay.
Simple and high-throughput: The “mix-and-read” procedure involves addition of a
single working reagent and reading the optical density. Can be readily automated as a
high-throughput assay in 96-well plates for thousands of samples per day.
Low interference: Glucose, Tris, vitamins, and amino acids, DNA, RNA, salts, EDTA
(< 12 mM), phenol (< 50 mM), urea (< 0.6 M), Triton (< 0.1%) and SDS (< 0.1% SDS)
do not interfere in the assay.
Versatility: Assays can be executed in 96-well plate or cuvet.
KIT CONTENTS (500 tests in 96-well plates)
Reagent: 20 mL 5 × concentrate
Protein standard: 1 mL 1.0 mg/mL BSA
Storage conditions: Reagent is light sensitive and should be stored at 4°C in the
provided amber bottle for light protection. The standard should be stored at -20°C. Shelf
life: 12 months
Precautions: Reagents are for research use only. Normal precautions for laboratory
reagents should be exercised while using the reagents. Please refer to Material Safety
Data Sheet for detailed information.
PROCEDURES
Reagent Preparation:
Prepare enough working reagent by adding 1 vol of the 5 × Reagent to 5 vol of distilled
water. Bring reagent to room temperature before use.
Procedure using 96-well plate:
1) Dilute standard as shown in the Table. Transfer 10 μL diluted Standards and
diluted sample in duplicate wells of a clear bottom 96-well plate. Store diluted
standards at -20°C for future use.

NO

Premix + H2O

Vol (μL)

BSA (mg/mL)

1
2
3
4
5

100μL + 0μL
80μL + 20μL
60μL + 40μL
40μL + 60μL
30μL + 70μL

100
100
100
100
100

1.0
0.8
0.6
0.4
0.3

191

BSA (μg/10
μL)
10
8
6
4
3

6
7
8

20μL + 80μL
10μL + 90μL
0μL + 100μL

100
100
100

0.2
0.1
0

2
1
0

2) Add 200 μL woking reagent and tap lightly to mix.
3) Measure OD at 570-630 nm (peak 595 nm). The signal is stable for about 60 min.
Procedure using cuvette:
1) Prepare standards as in the 96-well plate assay. Transfer 20 μL diluted Standards
and 20 μL samples to cuvets.
2) Add 1000 μL working reagent and tap lightly to mix.
3) Measure OD at 570-630 nm (peak 595 nm).
CALCULATION
Subtract blank OD (water, #8) from the standard OD values and plot the OD against
standard concentrations. Use the standard curve to determine the sample protein
concentration, or fit the standard curve using the quation y=a⋅x/(b+x). The protein
concentration of Sample is calculated as
=

ΔOD SAMPLE × b
× n (mg/mL)
a − ΔOD SAMPLE

ΔODSAMPLE = (ODSAMPLE – ODBLANK). n is the dilution factor (see below).
MATERIALS REQUIRED, BUT NOT PROVIDED
Pipeting devices and accessories.
Procedure using 96-well plate:
Blank 96-well plates (e.g. Corning Costar).
Plate reader for 96-well plate.
Procedure using cuvette:
Cuvets and spectrophotometer.
GENERAL CONSIDERATIONS
If protein concentration is > 1 mg/mL, dilute samples in distilled water, and use OD
values that lie within the calibration curve to calculate the sample protein concentration.
Reading can be performed as soon as the reagent and sample are mixed. High sensitivity
can be achieved by adding 50 μL sample to 200 μL Reagent (detection range 3 – 200
μg/mL).

LITERATURE
1) Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye binding.
Anal Biochem, 72: 248-254.
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2) Friedenauer, S., and Berlet, H. H. (1989). Sensitivity and variability of the
Bradford protein assay in the presence of detergents. Anal Biochem, 178: 263268.
3) Stoscheck CM. (1990). Increased uniformity in the response of the coomassie
blue G protein assay to different proteins. Anal Biochem, 184: 111-116.
2005© by BioAssay Systems, 3423 Investment Boulevard, Suite 11, Hayward, CA
94545, USA
E-mail: Order@bioassaysys.com, info@bioassaysys.com, Website:
www.bioassaysys.com

2-4) Urinary Albumin Assay
Human Albumin ELISA KIT Cat. No. 1200
For Quantitative Determination of Human Albumin In Urine
Kit Contents: (reagents for 96 tests)
Components
Human Albumin coated microwell strip plate (96 well);
Albumin Std. A, 11 ml,0.0 µg/ml
Albumin Std. B, 0.75ml, 2.5 µg/ml
Albumin Std. C, 0.75ml, 5.0 µg/ml
Albumin Std. D, 0.75 ml, 25.0 µg/ml
Albumin Std. E, 0.75 ml, 50.0µg/ml
Albumin Std. F, 0.75 ml, 100.0 µg/ml
Anti-Albumin-HRP Conjugate, 11 ml
HRP substrate Solution, A, 11 ml
HRP substrate Solution, B, 11 ml
Stop solution (ready-to-use), 10 ml
Complete Instruction Manual

Cat. #
1201
1202
1203
1204
1205
1206
1207
1208
1200SA
1200SB
T-10
M1200

Introduction
The analytical determination of the protein albumin in urine is important because
increased values indicate an increased risk of developing end-stage renal diseases and
cardiovascular disease among people with diabetes (1, 2). Also albumin in urine is a
sensitive indicator of renal damage caused by exposure to nephrotoxic substances (3, 4,
5). The most significant and well-documented of these abnormalities is a subtle increase
in the urinary albumin excretion rate, known as micro-albuminuria. Micro-albuminuria is
not measurable by conventional techniques for detecting proteinuria. It is believed that
micro-albuminuria represents a reversible stage of renal dysfunction, whereas overt
proteinuria reflects irreversible disease. Proteinuria typically appears about twenty years
after the onset of diabetes, whereas micro-albuminuria can be detected within the first ten
years. Mico-alubuminuria (30-150 µg/min) has been established as a marker predictive
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of subsequent development of diabetic nephropathy. Periodic monitoring (2-3
times/year) of urinary of albumin levels in the diabetic patient is therefore recommended
so that the initial escalation of renal damage can be detected and appropriate treatment
regimens can be instituted. Radial immunodiffusion, immunoturbidimetric,
immunophelometric method and RIA have been used for the albumin assay in urine.
ADI’s Micro-albumin Quantitative using microwell competitive ELISA method provides
a convenient, sensitive and specific assay for albumin and free of interference from urine
specimens.
PRINCIPLE OF THE TEST
Albumin ELISA kit is based on competitive binding of human albumin from urine
samples and albumin coated on the microwell plate to the enzyme labeled anti-human
albumin antibody. Higher concentrations of albumin in the urine samples result in
decreased binding of enzyme (HRP) labeled antibody to the microwell plate. After a
washing step, chromogenic substrate is added and color developed. The enzymatic
reaction (color) is inversely proportional to the amount of albumin present in the sample.
Adding stopping solution terminates the reaction. Absorbance is then measured on a
microtiter well ELISA reader at 450 nm and the concentration of albumin in samples and
control is read off the standard curve.
MATERIALS AND EQUIPMENT REQUIRED
Adjustable micropipete (25-100 µl) and multichannel pipet with disposable plastic tips.
Reagent troughs, plate washer (recommended) and ELISA plate Reader.
LIMITATIONS
1) The Alpha Diagnostic International albumin ELISA test is intended for in vitro
research use only. The reagents contain Prolcin-300 as preservative; necessary care
should be taken when disposing solutions.
2) Samples with a pH value of <4.0 or >8.0 may yield results which are respectively too
high or too low. Acidified samples are usually unsuitable for the assay. The assay
should not be performed if the samples exhibit significant bacterial growth or if the
patient shows signs of urinary infection.
3) Bloody specimens are unsuitable for use, even if clarified by centrifugation, since
blood flow is a likely a sign of contamination.

PRECAUTIONS
Applicable MSDS, if not already on file, for the following reagents can be obtained from
ADI or the web site.
TMB (substrate), H2SO4 (stop solution), and Prolcin-300 (0.1% v/v in standards, sample
diluent and HRP-conjugates).
All waste material should be properly disinfected before disposal. Avoid contact with the
stop solution (1N sulfuric acid).
QUALITY CONTROL
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Each laboratory should utilize controls at several levels to monitor assay performance.
The controls should be treated as unknown. Values obtained should be in an agreement
with the assigned values of the control. Controls can be obtained from commercially
available sources but should not contain sodium azide as preservative.
STORAGE AND STABILITY
The microtiter well plate and all other reagents are stable at 2-8°C until the expiration
date printed on the label. The whole kit stability is usually six months from the date of
shipping, under appropriate storage conditions.
TEST PROCEDURE (ALLOW ALL REGENTS TO REACH ROOM TEMPERATURE
BEFORE USE).
Remove required number of coated strips and arrange them on the plate. Store unused
strips in the bag. Dispense 200-300 µl of wash buffer to all wells. Mix for 5 secinds and
discard or aspirate the solution. The step should be done just before adding the samples,
do not allow the wells to dry at any time during the assay.
1) Label or mark the microtiter well strips to be used on the plate.
2) Pipet 25 µl of standards, control, and urine samples into appropriate wells in
duplicate.
3) Add 100 µl of enzyme conjugate into each well. Mix gently for 5-10 seconds.
Cover the plate and incubate for 30 minutes at room temperature.
4) Aspirate and wash the wells 3-5 times with 300 µl of deionized or distilled water.
We recommended using an automated ELISA plate washer for better consistency.
Failure to wash the wells properly will lead to high blank or zero values. If
washing manually, plate must be tapped over paper towel between washing to
ensure proper washing.
5) Prepare required volume of the substrate by mixing solution A and B (1:1 v/v) in
a separate tube and then 200 µl of the mixture added to the wells. Note: Prepare
substrate solution as needed (200 µl/well or 10 ml for the full plate). Mix gently
for 5-10 seconds.
6) Cover the plate and incubate for 10 minutes at room temperature. Blue color
develops in positive wells.
7) Stop the reaction by adding 50 µl of stopping solution to all wells. Mix gently for
5-10 seconds. Blue color turns yellow. Read the plate at 450 nm within 30 min.
NOTES: Read instructions carefully before the assay. Do not allow reagents to dry
on the wells. Careful aspiration of the washing solution is essential for good assay
precision. Since timing of the incubation steps is important to the performance of the
assay, pipet the samples without interruption and it should not exceed 5 minutes to avoid
assay drift. If more than one plate is being used in one run, it is recommended to include
a standard curve on each plate. The unused strips should be stored in a sealed bag at 4°C.
Addition of the HRP substrate solution starts a kinetic reaction, which is terminated by
dispensing the stopping solution. Therefore, keep the incubation time for each well the
same by adding the reagents in identical sequence. Plate readers measure absorbance
vertically. Do not touch the bottom of the wells.
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DILUTION OF SAMPLES
Urine samples with albumin concentrations greater than 100 µl/ml should be diluted with
the zero standard (standard A) or normal saline and the results obtained should be
multiplied by the appropriate dilution factor. This albumin ELISA kit is intended for the
measurement of albumin in urine samples only. It cannot be used to measure albumin in
serum or plasma. Furthermore, it is recommended that the urine samples should not be
frozen before the assay.
This kit has been used to measure albumin in mice transplanted with human tumors and
in media from cultured cells (see references below).
CALCURATION OF RESULTS
Calculate the mean absorbance for each supplicate. Draw the standard curve on a log-log
graph paper by plotting absorbance values of standards against appropriate albumin
concentrations. Read off the albumin concentrations of the control and patient samples.
Expected Values
1) It is recommended that each laboratory must determine its own normal and
abnomal range.
2) Timed overnight samples and 24-hr samples have been commonly used to study
micro-albuminuria. The upper limit of urinary albumin excretion in healthy
adults is approx. 26 mg/24 hr (18 µg/min and 9 µg/min in overnight samples).
Urinary albumin samples in normal subjects
First daytime
6.72 mg/l (1.89-23.9)
Cumulated
5.33 mg/l (1.31-21.7)
In healthy subjects, albumin is ordinarily present in urine in the low range, with
sustained values greater than about 15-30 mg/l usually being regarded as
abnormal.
3) Urinary albumin from 123 diabetic patients was reported with ranges 4.8-209 mg/l and mean values 46.8-61.4 mg/l.
Citations of ADI’s Albumin ELISA kit (see web site for updated list)
Yaccoby S, Johnson CL, Mahaffey SC, Wezeman MJ, Barlogie B, Epstein J.
Antimyeloma efficacy of thalidomide in the SCID-hu model.
Blood. 2002 Dec 1;100(12):4162-8. Epub 2002 Aug 8.
Kajiyama Y, Tian J, Locker J. Regulation of alpha-fetoprotein expression by Nkx2.8.
Mol Cell Biol. 2002 Sep;22(17):6122-30.
Drobna Z, Waters SB, Walton FS, LeCluyse EL, Thomas DJ, Styblo M. Interindividual
variation in the metabolism of arsenic in cultured primary human hepatocytes.
Toxicol Appl Pharmacol. 2004 Dec 1;201(2):166-77.
Schnapp LM, Donohoe S, Chen J, Sunde DA, Kelly PM, Ruzinski J, Martin T, Goodlett

196

DR. Mining the acute respiratory distress syndrome proteome: identification of
the insulin-like growth factor (IGF)/IGF-binding protein-3 pathway in acute lung
injury.Am J Pathol. 2006 Jul;169(1):86-95.
Marks DJ, Harbord MW, MacAllister R, Rahman FZ, Young J, Al-Lazikani B, Lees W,
Novelli M, Bloom S, Segal AW. Defective acute inflammation in Crohn's disease:
a clinical investigation. ancet. 2006 Feb 25;367(9511):668-78.
WORKSHEET OF TYPICAL ASSAY
Wells

Stds/samples

Mean A 450 nm

A1, A2
B1, B2
C1, C2
D1, D2
E1, E2
F1, F2
G1, G2
H1, H2

Std. A (0 µg/ml)
Std. B (2.5 µg/ml)
Std. C (5.0 µg/ml)
Std. D (25 µg/ml)
Std. E (50 µg/ml)
Std. F (100 µg/ml)
Sample 1
Sample 2

3.157
2.505
2.067
0.458
0.250
0.109
1.222
0.212

Calculated
Concn(µg/ml)

9.7
56.9

NOTE: These data are for demonstration purpose only. A complete standard curve must
be run in every assay to determine sample values. Each laboratory should determine their
own normal reference values.

PERFORMANCE CHARACTERISTICS
1. DETECTION LIMIT
Based on sixteen replicates determinations of the zero standard, the minimum albumin
concentration detectable using this assay is 1 µg/ml. The detection limit is defined as the
value deviating by 2 SD from the zero standard.
2. PRECISION
Intra-assay precision:
Two urine samples (mean albumin concentrations 16.77 and 60.2 µg/ml) were run in 8
replicates. The samples showed good intra-assay precision with %CV of 11.39 (SD 1.91
µg/ml) and 12.6 (SD 7.6 µg/ml), respectively.
Inter-assay precision:
Two urine samples were run in duplicate in 8 independent assays. The samples showed
good inter-assay precision (6-13 % CV). The actual values were: mean 16.3 µg/ml, SD
2018 µg/ml, %CV 13.4; mean 55.8 µg/ml, SD 3.6 µg/ml, %CV 6.19, respectively.
3. RECOVERY
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A known amount of human albumin (5, 10, and 20 µg/ml) was added to five patient urine
samples (with original albumin concentrations of 2.6, 5.4, 12.7, 34. and 75 µg/ml) and the
total albumin concentrations measured. The assay showed excellent mean recoveries of
about 98% (range 88-118%).
4. LINEARITY
Five different patient urine samples (with original albumin concentrations of 50, 77.6,
103, 176, and 327 mg/l) were diluted (1:2, 1:5, and 1:10) with the zero standard and their
final albumin values determined. The samples showed excellent mean recoveries of
about 94% (range 85-109%).
5. SPECIFICITY
Antibodies used in this kit are highly specific. No cross-reactivity with human alpha
fetoprotein or other proteins was observed. The addition of the following compound to
urine samples does not interfere with the measuring of albumin.
40 µg/ml
Glucose
Ascorbic acid
2 mg/l
Transferrin
30 µg/ml
Retinol binding protein
1 mg/ml

Creatine
Uric acid

10mg/ml
1.5mg/ml

Albumin from rat, bovine, chicken ovalbumin, rabbit, and human lgG also do not
interfere with the assay.
2-5) Urinary β2-microglobulin Assay
BETA-2 MICROGLOBULIN ENZYME IMMUNOASSAY TEST KIT
Catalog Number: 25-BC-1061 (ALPCO Diagnostics)
Enzyme Immunoassay for the Quantitative Determination of Beta-2 Microglobulin
(B2MG) Concentration in Human Serum, Plasma and Urine
INTRODUCTION
Human β-2 Microglobulin (B2MG) is an 11.8 kD protein identical to the light chain of
the HLA-A, -B, and –C antigen. B2MG is expressed on nucleated cells, and is found at
low levels in the serum and urine of normal individuals. B2MG concentrations are
increased in inflammatory diseases, some viral diseases, renal dysfunction, and
autoimmune diseases. A number of publications are available which explain the
interpretation of B2MG serum levels in assessing the status of individuals with various
clinical conditions.
PRINCIPLE OF THE TEST
The B2MG ELISA test is based on the principle of a solid phase enzyme-linked
immunoabsorbent assay. The assay system utilizes a unique monoclonal antibody
directed against a distinct antigenic determinant on the intact β-2 Microglobulin
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molecule. Mouse monoclonal anti- B2MG antibody is used for solid phase
immobilization (on the microtiter wells). A sheep anti-B2MG antibody is in the
antibody-enzyme (horseradish peroxidase) conjugate solution. The diluted test sample is
allowed to react first with the immobilized antibody for 30 minutes at 37°C. The sheep
anti-B2MG-HRPO conjugate is then added and reacted with the immobilized antigen for
30 minutes at 37°C, resulting in the B2MG molecules being sandwiched between the
solid phase and enzyme-linked antibodies. The wells are washed with water to remove
unbound-labeled antibodies. A solution of TMB Reagent is added and incubated for 20
minutes at room temperature, resulting in the development of a blue color. The color
development is stopped with the addition of Stop Solution, changing the color to yellow.
The concentration of B2MG is directly proportional to the color intensity of the test
sample. Absorbance is measured spectrophotometrically at 450 nm.
STORAGE OF TEST KIT AND INSTRUMENTATION
Unopened test kits should be stored at 2-8°C upon receipt and the microtiter plate should
be kept in a sealed with desiccants to minimize exposure to damp air. Opened test kits
will remain stable until the expiration data shown, provided it is stored as described
above. A microtiter plate reader with a bandwith of 10nm or less and an optical density
range of 0-2 OD or greater at 450 nm wavelength is acceptable for use in absorbance
measurement.
REAGENTS
Materials provided with the kit:
- Murine monoclonal anti-B2 MG antibody coated microtiter wells, 96 wells.
- B2MG Reference Standards:
0
0.625
1.25
2.5
5.0
10.0 μg/mL, 1 set, prediluted 101-fold, lyophilized.
- Sample Diluent, 100 ml.
- Enzyme Conjugate Reagent, 22 ml.
- TMB Reagent (One-Step), 11 ml.
- Stop Solution (1N HCl), 11 ml.
Materials required but not provided:
- Precision pipettes: 50μl, 100μl, 200μl, and 1.0 ml.
- Disposable pipette tips.
- Distilled water.
- Vortex mixer or equivalent.
- Absorbent paper or paper towel.
- Graph paper.
- Microtiter plate reader.
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REAGENT PREPARATION
1) All reagents should be brought to room temperature (18-25°C) before use. All
reagents should be mixed by gently inverting or swirling prior to use. Do not
induce foarming.
2) Reconstitute each lyophilized standard with 1.0 ml-distilled water. Allow the
reconstituted material to stand for at least 20 minutes and mix gently.
Reconstituted standards will be stable up to 30 days when stored sealed at 2-8°C.
ASSAY PROCEDURE FOR URINE
1) Urine samples need 10 fold Dilution with the Sample Diluent (i.e. 50 μl urine +
450 μl Sample Diluent).
2) Secure the desired number of coated wells in the holder.
3) Dispense 20 μl of standards, diluted specimens, and diluted controls into
appropriate wells.
4) Dispense 200 μl of Sample Diluent into each well.
5) Thoroughly mix for 30 seconds. It is very important to mix completely.
6) Incubate at 37°C for 30 minutes.
7) Remove the incubation mixture by flicking plate contents into a waste container.
8) Rinse and flick the microtiter wells 5 times with distilled or deionized water.
Please do not use tap water.
9) Strike the wells sharply onto absorbent paper or paper towels to remove all
residual water droplets.
10) Dispense 200 μl of Enzyme Conjugate Reagent into each well. Gently mix for 10
seconds.
11) Incubate at 37°C for 30 minutes.
12) Remove the incubation mixture by flicking plate contents into a waste container.
13) Rinse and flick the microtiter wells 5 times with distilled or deionized water.
Please do not use tap water.
14) Strike the wells sharply onto absorbent paper or paper towels to remove all
residual water droplets.
15) Dispense 100 μl TMB Reagent into each well.
16) Gently mix for 10 seconds.
17) Incubate at room temperature in the dark for 20 minutes.
18) Stop the reaction by adding 100 μl of Stop Solution to each well.
19) Gently mix for 10 seconds. It is important to make sure that all the blue color
changes to yellow color completely.
20) Read absorbance at 450 nm with a microtiter well reader within 15 minutes.
CALCULATION OF RESULTS FOR URINE TEST
1) Calculate the mean absorbance (A450) for each reference standards, controls and
patient samples.
2) Construct a standard curve by plotting the mean absorbance obtained from each
reference standard against its concentration in μg/ml on graph paper, with
absorbance values on the vertical or Y axis, and concentrations on the horizontal
or X axis.
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3) Use the mean absorbance values for each specimen to determine the
corresponding concentration of β2MG in μg/ml. Divide the calculated values by
10.1 (Since the β2 Microglobulin standards have been prediluted 101 fold, the
results obtained from urine samples should be further divided by 10.1). For
instance, if the calculated value for a urine sample from the standard curve is 2.40
μg/ml: then the real value will be 2.40 μg/ml ÷ 10.1 = 0.238 μg/ml.

2-6) Urinary N-acetyl-β-D-glucosaminidase Assay
N-Acetyl-β-D-glucosaminidase, (NAG)
Colorimetric assay for the determination of N-acetyl-β-D-glucosaminidase in urine
(Roche Applied Science, Cat. No. 875 406)
Principle
3-Cresolsulfonphthaleinyl-N-acetyl-β-D-glucosaminide, sodium salt, is hydrolyzed by Nacetyl-β-D-glucosaminidase (NAG) with the release of 3-cresol-sulfonphthalein, sodium
salt (3-cresol purple), which is measured photometrically at 580 nm.
3-Cresolsulfonphthaleinyl-N-acetyl-β-D-glucosaminide
NAG
3-cresolsulfonphthalein + N-acetyl-glucosamine
Test-Combination Contains
1) One bottle 1 of buffer substance consisting of citric acid and potassium citrate.
2) One bottle 2 containing lyophilized substrate consisting of sodium 3cresolsulfonphthaleinylN-acetyl-β-D-glucosaminide and borax.
3) One bottle 3 of stop reagent consisting of sodium carbonate.
Preparation of Solutions
I) Buffer Solution
Dissolve the contents of bottle1 with 55 ml redist. water.
II) Substrate Solution
Dissolve the contents of bottle 2 with 55 ml solution I.
III) Stop Reagent
Dissolve the contents of bottle 3 with 110 ml redist. water.
Stability of Solutions
1) Solution II is stable for 1 month when stored at 2-8°C, protected from light.
2) Solution III is stable for 1 month stored at 2-8°C.
Stability of the sample
1) The activity determination of the N-acetyl-β-D-glucosaminidase (NAG) should be
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carried out directly after collecting the sample.
2) Turbid urines should be centrifuged and the supernatant decanted.
3) NAG is stable for one week at 2-8°C and for one month when stored at –15 to -25°C
(1).
Assay Procedure**
Wavelength:
580 nm
Light path:
1 cm
Measuring volume:
3.05 ml
Incubation temperature: 37°C
Measurement against reagent blank. One reagent blank is sufficient for each series of
measurements.

Pipette into test-tubes
Sample
Reagent Blank
Substrate Solution (II)
1.00 ml
1.00 ml
Incubate for 5 min at 37°C, add
Urine Sample
0.05 ml
-***
Mix and incubate for exactly 15 min at 37°C (stop watch). Addition of
Stop reagent (III)
2.00 ml
2.00 ml
Mix, allow to stand for 10 min and measure against the reagent blank within 50 min
= Asample for 15 min.
If the NAG activity in the sample is too low, then the incubation time can be increased to
30 or 60 min.
The longer incubation time must then be taken into account in the calculation.
Calculation
3-cresolsulfonphthalein:
∋ 580 nm =40.67 [I × nmol-1 × cm-1]
Volume Activity
1000 x 3.05
40.67x1x0.05x15

× Asample =100 × Asample [U/I]

Note
The inclusion of a reagent blank is necessary for the NAG assay, as otherwise false
positive values may be found, which lie on average between 4 and 6 U/I too high.
The reagent blank rises from 4.5 to 6 U/I within 5 h and should therefore be determined
for each series of measurements.
Reference
(1) Yakata et al. (1983). Jap Clin Path Suppl, 56, 90.
* Licensed from Shionogi & Co. Ltd., Osaka, Japan.
** In the semi-micro test, have the volumes.
*** 0.05 ml water can be neglected.
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2-7) Urinary Creatinine Assay
Quantitative Colorimetric Determination of Creatinine in Serum and Urine
(Stanbio Creatinine Procedure, Cat. No. 0400-100)
Summary and Principle
Early application of the Jaffe reaction (1) for the clinical determination of creatinine in
blood was reported by Follin and Wu in 1912 (2). This classical reaction produces a red
tautomer of “alkaline creatinine picrate” following treatment of a protein-free filtrate with
picric acid and sodium hydroxide (3).
Attempts to improve specificity were made by noting the difference in absorbance after
discharging the final red color with acid (4, 5). Further efforts toward “true” creatinine
value involved use of Lloyd’s reagent (an aluminum silicate). This agent absorbs
creatinine from non-creatinine color-producing compounds in the protein-free solution,
followed by its elution into alkali and colorimetric Jaffe-type assay (6). Similar work
toward greater specificity was reported by Teger-Nilsson who utilized column
chromatography to separate creatinine from inter, ering substances (7).
The method presented employs an excess of picric acid for deproteinization, as well as
for developing the Jaffe chromogen on addition of alkali. This technique avoids
preparation of the conventional tungstic acid protein-free filtrate or supernatant (8).
Creatinine, in a picric acid protein-free solution, reacts with added alkali to form a
reddish-brown complex, the actual formula of which is unestablished. The absorbance of
this compound at 520 nm is proportional to creatinine concentration.
Reagents
Creatinine Picrate Acid Reagent, Cat. No. 0401 (2 × 250 mL)
Saturated aqueous solution of picric acid, 1.4% (w/v).
Creatinine Sodium Hydroxide Reagent, Cat. No. 0402 (1 × 125 mL)
Aqueous solution of sodium hydroxide, 3.0% (w/v).
Creatinine Standard, Cat. No. 0403 (1 × 60 mL)
Equivalent to 2.5 mg/dL
Creatinine Standard, Cat. No. 0404 (1 × 60 mL)
Equivalent to 5.0 mg/dL
Standards are solutions of creatinine zinc hydrochloride in aqueous picric acid (1.4%
w/v). Stated values apply only when used as directed in method presented.
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Precautions: For In Vitro Diagnostic Use.
Reagents and Standards contain acid. DO NOT PIPET BY MOUTH!
Reagent Storage and Stability: All reagents are stable, at 20-25°C until the expiration
date shown on label.
Instrumentation and Material (Not Provided)
Spectrophotometer capable of absorbance
readings at 520 nm
Centrifuge with high speed capacity (≥ 1500 g)
Pipets capable of accurately delivering
0.5, 1.0, 3.0, 4.5 and 9.0 mL.
Test tubes and/or cuvets, Vortex mixer, Interval Timer
Specimen Collection and Preparation
Creatinine in serum and urine is reportedly stable 4-7 days at room temperature (9) and
indefinitely when frozen (10). A 24-hour urine specimen should be collected without
preservative and the total volume (mL) measured.
A 2-hour single-voided specimen is acceptable, with no volume measurement necessary.
Procedure
Preparation of sample dilution:
1) Serum: To 4.5 mL Picric Acid Reagent add 0.5 mL serum. Mix well, centrifuge for 5
minutes to obtain clear supernatant.
2) Urine: Add 1 part of well-mixed 2-hour or 24-hour specimen to 9 parts distilled water
(1:10). Make a further 1:10 dilution using 1 part dilute urine (Step 2) with 9 parts
Picric Acid Reagent. If precipitated protein is visible, centrifuge for 5 minutes to
obtain clear supernatant.
Example
1
Urine
0.5 ml

1
DW
0.5 ml

2
DW
0.5 ml

3
DW
0.5 ml

4
DW
0.5 ml

5
DW
0.5 ml

6
DW
0.5 ml

7
DW
0.5 ml

8
DW
0.5 ml

9
DW
0.5 ml

8
PAR

9
PAR

⇓
5 ml (0.5 mL Urine + 4.5 mL DW) of 1 part dilute urine
1
DUrine

1
PAR

2
PAR

3
PAR

4
PAR
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5
PAR

6
PAR

7
PAR

0.5 ml

0.5 ml

0.5 ml

0.5 ml

0.5 ml

0.5 ml

0.5 ml

0.5 ml

0.5 ml

0.5 ml

⇓
5 ml (0.5 mL Diluted Urine + 4.5 mL PAR) of dilution
⇓
Centrifuge the dilution
Assay
1) Pipet into cuvets the following volumes (mL) and mix well:

Distilled Water
Picric Acid
Standard 2.5
Standard 5.0
Supernatant
Sodium Hydroxide
Total

Standard
(2.5)
3.0
1.0
4.0

Reagent
Blank (RB)
0.3
2.7
1.0
4.0

Standard
(5.0)
3.0
1.0
4.0

Sample*
(U)
3.0
1.0
4.0

*Diluted serum (step 1) or diluted (Step 2) Procedure above.
2) Incubate all cuvets room temperature for 10 minutes.
3) Read S2.5, S5.0, and U vs. RB at 520 nm within 30 minutes.
Quality Control: Use of commercial control serum, or pooled serum previously assayed
and divided in frozen aliquots, is recommended with each series of assays.
Results
Values are calculated as follows:
Serum creatinine (mg/dL) =

Au

As

× Cs

where Au and As are the absorbance values of the UNKNOWN and STANDARD,
respectively, and Cs the concentration of the STANDARD (mg/dL), the absorbance of
which is closest to that of the UNKNOWN.
Au
Urine Creatinine (mg/dL) =
× Cs × 10
As
Urine Creatinine (mg /dL )
× Cs × 10
1000
Urine Creatinine (mg /dL )
× 24h Vol (mL)
Urine Creatinine (gm/24h) =
1000

Urine Creatinine (gm/dL) =
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Expected Values (11)
Normal Range: Serum 0.8-1.5 mg/dL
Urine 0.8-2.0 gm/24h
Performance Characteristics
Precision: Replicate assays (once a day fro 20 days) on each of 2 serum pools having
mean creatinine levels of 0.8 and 5.0 mg/dL showed respective standard deviations of
0.10 and 0.12 mg/dL.
Recovery: A serum pool having a mean creatinine level of 1.0 mg/dL was divided into 4
aliquots, and creatinine added to the extent of 1, 3, 5, and 7 mg/dL. Reassay revealed
recoveries of 95.5, 97.3, and 99.3%, respectively.
Linearity: 0-10 mg/dL
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